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Synopsis   1             
Synthesis and Physico-Chemical Study of Some Cardo Aromatic 
Compounds 
 
The work to be incorporated in the thesis is divided into five chapters:  
CHAPTER-1 Literature survey and syntheses of aromatic diamines. 
CHAPTER-2 Synthesis, physico - chemical characterization and anti microbial 
study of symmetric double schiff bases. 
CHAPTER-3  Reduction of symmetric double schiff bases. 
CHAPTER-4 Synthesis and anti microbial study of some bisbenzothiazoles.  
CHAPTER-5 Synthesis and anti microbial study of bisquinolines. 
 
CHAPTER-1  
Literature survey and syntheses of aromatic diamines and their 
derivatives 
 This chapter of the thesis describes the up to date literature survey on synthesis, 
characterization and applications of aromatic diamines and their derivatives in the various 
fields of science. 
This chapter is further subdivided into following five chapters 
1.1 Introduction 
Aromatic diamines are the important constituents for syntheses of agrochemicals, 
varnishes, adhesive, coating materials, pesticides and fertilizers etc. In polymer industries 
they are widely used in manufacturing of thermally stable polyamides, amino and epoxy 
resins. They are also used as curing agents for epoxy resins and in the synthesis of variety 
of schiff bases for various purposes.  
1.2 Synthesis of 1,1’-bis(4-amino-3-methylphenyl)cyclohexane (BAMPC) 
 Aromatic diamines can be synthesized by acid catalyzed condensation of 
hydrochloride salt of aromatic amines and cyclic ketones. Thus, appropriate amount of 
amine and cyclohexanone were condensed at 150oC in presence of hydrochloric acid. After 
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complition of reaction separated BAMPC was filtered, washed well with distilled water and 
recrystallized repeatedly from chloroform–n-hexane system. BAMPC was further purified 
by column using ethyl acetate-n-hexane solvent system and checked its purity by TLC in 
ethyl acetate-n-hexane (50:50 v/v) solvent system. 
 
1.3 Spectral characterization  
 This chapter of the thesis deals with the spectroscopic study of symmetric diamine 
(BAMPC). Compound is fully characterized by spectroscopic techniques like UV, FTIR, 
Mass and 1H and 13C NMR. 
1.4 Thermal analysis 
 Thermal analysis of the material is very significant in predicting its utility under 
various environmental conditions, especially under high temperature applications. It is the 
best tool for understanding molecular architecture, decomposition mechanism and 
degradation pattern, etc. 
1.5  Antimicrobial study 
 The antimicrobial activity of BMAPC against gram positive and gram negative 
bacteria and fungi are described in this chapter. 
 
CHAPTER-2  
Synthesis, physico - chemical characterization and anti 
microbial study of symmetric double schiff bases 
 In the presence study we have synthesis some symmetric double schiff bases. 
Which were derived from 1,1’-bis(4-amino-3-methylphenyl)cyclohexane and various 
aldehydes. This chapter is further subdivided into six chapter. 
2.1 Introduction 
 Schiff bases have been extensively studied for their interesting chemistry, special 
physical properties and important biological activity. The chemistry of the carbon–nitrogen 
double bond has played a vital role in the progresses of chemical science. Current chapter 
of thesis provide introduction and literature on schiff base.  
2.2 Synthesis of symmetric double schiff bases by classical method 
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Schiff bases of general structure (Scheme-I) were synthesized by condensing 
BAMPC and various substituted aldehydes in ethanol by using glacial acetic acid as a 
catalyst at reflux temperature. Schiff bases were isolated from excess of chilled water, 
filtered, washed well with sodium bisulphite, distilled water. Schiff bases were 
recrystallized at least three times from appropriate solvent system. Their purity was 
checked by TLC in appropriate solvent system.  
2.3 Synthesis of symmetric double schiff bases by microwave irradiation method  
 The microwave irradiation condensation of BAMPC and aromatic aldehydes were 
carried out in a Qpro-M microwave synthesizer. Thus, 0.01 mol BAMPC and 0.02 mol 
aromatic aldehyde were mixed together at ambient temperature in 50 ml Erlenmeyer flask 
and mixture was subjected to microwaves (400watt) for an optimized time. The progress of 
the reaction was monitored simultaneous by TLC in appropriate solvent system and purity 
was checked by TLC. The compounds were repeatedly recrystallized from appropriate 
solvent systems.   
   
2.4  Spectral characterization  
 This chapter of the thesis deals with the spectroscopic study of symmetric Schiff 
bases SDSB-1 –SDSB-11. Which is included UV, FTIR, Mass and 1H and 13C NMR study. 
2.5 Thermal study 
 Thermal analysis of the material is very significant in predicting its utility under 
various environmental conditions, especially under high temperature applications. It is the 
best tool for understanding molecular architecture, decomposition mechanism and 
degradation pattern, etc. 
2.6  Antimicrobial study 
 The effect of gram positive, gram negative and fungi against schiff base is 
described in present work. 
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CHAPTER – 3 
Reduction of symmetric double schiff base 
This chapter of the thesis deals with the reduction of symmetric double schiff bases 
and it is further sub-divided into four sections: 
3.1 Introduction 
 Imines or schiff base can be effectively reduced to amines by several reducing 
agents. Sodium borohydride is a powerful reducing agent and has been employed in the 
reduction of a range of functional groups. In present work an effort has been made to 
reduce some symmetric double schiff bases by NaBH4. 
3.2 Synthesis of 1,1’-bis[4-N(R-benzyl)-3-methylphenyl]cyclohexane (3a-3k) 
 The reduction of schiff bases (3a – 3k) were synthesized by treating symmetric 
schiff base with sodium borohydride using THF as a solvent. After completion of the 
reaction, the reaction mass was transferred to separating funnel containing diethyl ether and 
washed repeatedly with water till NaBH4 was removed completely, separated organic layer 
was dried over sodium sulphate and the solvent was evaporated to dryness. The products 
(3a-3k) were purified by a column chromatography in ethyl acetate: hexane (40:60 v/v). 
solvent system. The purity of (3a-3k) was checked by TLC technique using appropriate 
solvent system 
3.3 Spectral characterization  
 The proper idea of complition of reduction was given by spectroscopic study of 3a-
3k. This chapter of the thesis deals with the spectroscopic study of final compounds (3a-
3k). Which is included UV, FTIR, Mass and 1H and 13C NMR study. 
 
CHAPTER – 4  
Synthesis and study of some novel bisbenzothiazoles 
 In the present chapter, the efforts have been made for the synthesis of some novel 
bisbenzothiazoles which are characterized by various spectroscopic techniques and 
antimicrobial activity also. It is further subdivided in to four chapters. 
4.1 Introduction 
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 2-Aminobenzothiazoles are broadly found in bioorganic and medicinal chemistry 
with applications in drug discovery and development for the treatment of various decease. 
It deals with the literature study of the benzothiazoles. 
4.2 Synthesis of bisbenzothiazoles 
 Aryl thiourea can be cyclised by using liquid bromine to yield benzothiazole. Thus, 
diamine react with KCNS using gla.CH3COOH as a solvent gives aryl thiourea. This is 
cyclised by adding liquid Br2 in gla.CH3COOH. After completion of reaction product 
separated and purified by column chromatography. 
 
4.3 Spectral study 
 This chapter deals with the structural details of bisbenzothiazoles using 
spectroscopic techniques like UV, FTIR, Mass, 1H NMR and 13C NMR  
4.4 Antimicrobial study 
The antibacterial and antifungal activities of bisbenzothiazoles were tested against 
different gram positive and gram negative micro organisms by dics diffusion method and 
are compared with standard drugs and the results. 
 
CHAPTER – 5 
Synthesis and study of some novel bisquinolines 
 Quinolines and their derivatives are important constituents of pharmacologically 
active synthetic compounds, as these systems have been associated with a wide spectrum of 
biological activities. This chpter subdivided in to four parts. 
5.1 Introduction 
 Quinoline is an essential component of the search for new leads in the drug 
designing program. Certain small heterocyclic molecules act as highly functional scaffolds 
and are known pharmacophores  quinoline is one of them. This part of the thesis contain 
brif literature on quinoline derivatives. 
5.2 Synthesis of bisquinoines 
 Bisquinolines can be synthesize by classical Vilsmeier-Haack cyclisation using 
appropriate amount of Vilsmeier-Haack salt, which is derived from mixture of DMF and 
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POCl3. Thus, acetanilides derived from diamines react with Vilsmeier-Haack salt yields 
bisquinolines.  
5.3 Spectral characterization 
 In this chapter structural details of synthesized compounds are characterized by 
using UV, FTIR, Mass, 1H NMR and 13C NMR techniques.   
5.4 Antimicrobial study 
The antibacterial and antifungal activities of bisbenzothiazoles were tested against 
different gram positive and gram negative micro organisms by dics diffusion method and 
are compared with standard drugs and the results. 
 
CHAPTER-6         
A comprehensive summary of the work 
This chapter of the thesis describes a comprehensive summary of the work 
incorporated in the thesis 
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CHAPTER-1 Literature survey and syntheses of aromatic diamines 
Section: 1 Introduction 
 Functional groups containing nitrogen are responsible for their unique chemical 
reactivity patterns. These are the key molecules in syntheses of drugs, dyes, 
agrochemicals, polymers, etc. There are many functional groups, which contain one or 
more nitrogen atoms. Some categories of compounds based on these functional groups 
include nitrocompounds, amines, cyanides, isocyanides and diazo compounds. The chief 
commercial use of amine compounds are found as intermediates in the synthesis of dyes, 
synthetic fibers, medicines, etc. 
 Commercially amines are prepared from a variety of compounds. Generally they 
are synthesized by reduction of nitro compounds by catalytic hydrogenation or by using a 
metal and acid. Aniline is one of the most important of all amines. It is manufactured by 
the reduction of nitro benzene. 
Physical properties of amines 
 Lower members of the amines are gaseous; most of the higher members are 
liquids, while some aromatic amines are solids also. Majority of amines have unpleasant 
odour. Aromatic amines in general are toxic. Most of the amines are colorless in pure 
state. They are easily oxidized and get colored due to impurity. 
 Amines are more polar compounds than alkanes but less polar than alcohols and 
possess higher boiling points than non-polar compounds such as hydrocarbons of the 
same molecular masses. All primary and secondary amines form intermolecular hydrogen 
bonding because they are proton acceptors and hence possess higher boiling points than 
tertiary amines.  
Solubility of amines 
 All the three classes of amines form hydrogen bonding with water. Amines of 
lower molecular masses are soluble in water, but the solubility of amines in water 
decreases with increasing hydrophobic part more than six carbons. The higher molecular 
mass amines are insoluble in water. The solubility of amines in water is low as compared 
to alcohols because of weak H-bonding. Amines are soluble in common organic solvents 
like ether, benzene, alcohols, while insoluble in hexane. 
 
 
Introduction    8
 
 
Basic character of amines 
 Nitrogen atoms of amine compounds contain lone pair of electrons, which have a 
tendency to share with acids and hence responsible for the basic character of amines. This 
is affected by the number and the nature of their alkyl or aryl groups. Like ammonia, 
amines are strong bases and react with mineral acids to form ammonium salts from which 
they can be liberated by treatment with a strong base such as sodium hydroxide. 
 Aliphatic amines (Kb ~ 10-3 to 10-4) are some what stronger bases than ammonia 
(Kb ~ 1.8 x 10-5). Aromatic amines are weaker bases (Kb~10-9) and the substituents 
markedly affect the basicity. 
 Aromatic amines are weaker bases than ammonia and aliphatic amines due to 
resonance stabilization in aromatic amines, e.g. the structure of aniline is a hybrid of the 
five contributing species because of the conjugation of unshared electron pair with 
aromatic ring, while there are two Kekule structures for anilinium cation. Thus, 
resonance stabilization in an aromatic amine is more than its ammonium cation. An 
electron donating group present in an aromatic amine ring especially on o/p position 
stabilizes the ammonium cation formed after protonation of amine and hence increases 
the basic strength of the amine. An electron withdrawing group adversely affects the 
stability of an aromatic ammonium cation and decreases the basic strength of parent 
aromatic amine.  
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Chemical reaction of aromatic amines with acids 
 The reaction of amine is mainly due to participation of unshared pair of electrons 
of nitrogen, which acts as a nucleophile and a base. A  
nucleophile (-ve) is a species that attacks on electron deficient carbon and a base is a 
species that attacks on electron deficient hydrogen. The number of hydrogen atoms on 
amine nitrogen also affects the course of some reaction [1]. Reactions of amines with 
acids are described below. 
NH2 + HCl NH3+Cl-
. .
NH2
. .
+ CH3COOH NH3+OCOCH3
-
 
 
 
1.     S. P. Jauhar, S. K. Malhotra, “Morden’s abc of chemistry”, 6th  Edi., Modern, 
New Delhi, 2005.  
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 Amine behaves as a base during reaction with an acid and forms a salt, which is 
water soluble and amine regenerates, when treated with sodium hydroxide. 
 Diamines are the important constituents or intermediates in dyes, agrochemicals, 
varnish, coating, pesticides, fertilizers, etc. They are useful in manufacturing thermally 
stable polyimides, epoxy resins, formaldehyde resins, schiff bases and as hardeners.  
 Aromatic diamines based on quinuclidine are widely used for the synthesis of 
thermally and chemically stable polyimides.  Different drugs containing quinuclidine 
moieties are prepared, one of them namely phenacarol provides effective relief against 
allergies [2]. 
  Vygodskii et. al [3] have reported synthesis of 3-3’-bis(4-aminophenyl) 
quinuclidine and its polymer. 
N
O
+
N
NH2
NH2
NH 3 Cl
+ -
N
NH3
NH3 -
+
Cl
-
Cl
+
1500C KOH
 
           
 
 
 
  
 
 0.22 mol aniline hydrochloride and 0.1 mol quinuclidione-3 mixture was heated at 
1500C and then the reaction temperature was raised to 1700C. At this temperature the 
reaction mixture was stirred for 3h. The resultant aniline quinuclidine (AQ) 
hydrochloride was cooled to 1400C and 25-30 ml boiling water was added to obtain 
transparent deep red solution. The solution was refluxed with activated charcoal and 
filtered. AQ was precipitated by adding 20% KOH solution, filtered, washed repeatedly 
with ice water and dried at 50-600C. AQ was crystallized by vacuum sublimation at 
2000C. The yield was 43%.   
2.  M. D. Mashkovskii, L. S. Meditsina, Moscow, 1, 312, 1984. 
3.  Y. S. Vygodskii, N. A. Churochkina, T.A. Panova, Y. A. Fedotov, “Novel 
condensation functional polymers having highly basic groups”, Reactive & 
Functional Polymers, 30, 241-250, 1996. 
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  The structure was supported by elemental analysis and spectral techniques. IR 
spectrum showed absorption peak at 3380 and 3460 cm-1 due to primary -NH2 groups. 1H 
NMR spectrum has shown a singlet at 5.62 ppm due to -NH2 groups, multiplet at 3.10 – 
1.75 ppm due to quinuclidine moiety and at 7.00-6.56 ppm due to benzene ring.      
 Liaw et. al [4] have reported synthesis of new cardo diamine monomer 1,1’-bis 
[4-(4-aminophenoxy)phenyl]4-tertbutyl cyclohexane. This cardo diamine was prepared in 
three steps from 4-tert butyl cyclohexanone as under. 
OHOH
CH3 C CH3
CH3
O
CH3 C CH3
CH3
excess phenol , HCl
3- Mercaptopropionic acid
BHBC
2 O2N Cl
K2CO3
DMF
CH3 C CH3
CH3
OOO2N NO2
BNPBC
CH3 C CH3
CH3
OONH2 NH2
BAPBC
BHBC +
BNPBC
Pd - C
.H2ONH2 NH2
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1,1’-Bis(4-hydroxyphenyl)-4-tert-butylcyclohexane (BHBC)                                                                    
 A flask was charged with a mixture of 0.067 mol 4-tertbutylcyclohexanone, 0.2 
mol phenol and 1 mol 3-mercaptopropionic acid. Heat was applied and when the reaction 
mixture became liquid at 580C, hydrochloric acid (gas) was passed through it until the 
solution became saturated. Stirring was continued at 60oC for 2 h, during which period 
white solid began to separate out from the reddish-orange reaction mixture. The solid 
mass was dispersed in 1 lit. of water and the mixture was steam distilled to remove the 
excess phenol and 3-mercaptopropionic acid leaving an aqueous suspension. The solid 
residue was collected from the mixture by filteration and recrystallization from toluene 
twice gave 1,1’-bis(4-hydroxyphenyl)-4-tert-butylcyclohexane (BHBC). The yield was 
74% and m. p. 181-182oC. 
1, 1’–Bis[4-(4–nitrophenoxy)phenyl]–4-tert-butylcyclohexane  (BNPBC)   
 A mixture of 0.028 mol BHBC, 0.06 mol p-chloro nitrobenzene, 0.07mol  
anhydrous potassium carbonate and 50 ml anhydrous DMF was refluxed for 8 h. The 
mixture was then cooled and poured into methanol. The crude product, 1,1’-bis[4-(4-
nitrophenoxy)phenyl]-4-tert-butylcyclohexane(BNPBC) was recrystallized from glacial 
acetic acid to give yellow needle shape crystals (m.p. 190-191oC) with 94% yield. The 
characteristic IR absorption peaks of BNPBC are 1578 and 1334 cm-1 (NO2) 1243 cm-1 
(C-O-C). 1H NMR (CDCl3) showed following signals (ppm): 8.21-8.16 (m, 4H, aromatic 
H ortho to NO2 groups); 7.46 (d, 2H, aromatic H ortho to cardo group); 7.26 (d, 2H, 
aromatic H ortho to cardo group); 7.03-6.94 (m, 8H, aromatic H meta to NO2 and cardo 
group); 2.76-1.21 (m, 9H, cyclohexane group); 0.81 (9H,-CH3).  
 
 
 
4.   D. J. Liaw, B.Y. Liaw, C.Y. Chung, “Synthesis and characterization of new cardo 
polyamides and polyimides containing tert – butylcyclohexylidene units”, 
Macromol. Chem. Phys., 201, 1887-1893, 2000. 
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1,1’-Bis[4-(4-aminophenoxy)phenyl]4-tert-butylcyclohexane (BAPBC) 
 A 20 ml hydrazine monohydrate was added drop wise to a mixture of 0.014 mol 
(7.98g) BNPBC, 160 ml  ethanol, and a catalytic amount of 10% palladium on activated 
carbon (Pd/C, 0.06 g) at the boiling temperature. The mixture became homogeneous after 
1 h and the reaction was refluxed for 24h. The mixture was then filtered to remove Pd/C. 
After cooling, the precipitated white crystals of 1, 1’-bis [4-(4-aminophenoxy) phenyl]–
4–tert–butylcyclohexane (BAPBC), were isolated by filteration and recrystallized from 
ethanol to give 83% yield (m.p. 171-172oC). The IR spectrum (KBr) of BAPBC exhibited 
characteristic absorptions at 3418, 3350 and 1613 cm-1 (N-H), and 1237 cm-1 (C-O-C). 
BAPBC was reacted with various aromatic dicarboxylic acids and tetra dicarboxylic 
dianhydrides to produce polyamides and polyimides, respectively. Polyamides and 
polyimides imparted greater solubility, enhance rigidity as well as better thermo-
mechanical properties.  
     Aromatic diamines are widely used for the synthesis of polyimides, which have 
been noted for their excellent characteristic properties. But their processability is poor, 
which limits their application area [5] and therefore various efforts have been made to 
synthesize soluble polyimides without sacrifice of their excellent properties. By using 
diamines having cyclic ring between two benzene rings, the obtained polymer showed 
good thermal stability as well as solubility [6, 7]. 
 
 
 
5. D. Wilson, H. D. Stenzenberger, P. M. Hergenrother, Polyimide, Glasgow, U.K. 
1991.                  
6. M. H. Yi, M.Y. Jin, K.Y. Choi. “Synthesis and characterization of poly(amide 
imides) containing aliphatic diamine moieties” Macromol Chem., 223, 89-101, 
1995. 
7. K. Y. Choi, M. H. Yi, M. Y. Tin, “Polymeric materials encyclopedia”, CRC. Boca 
Raton, New York. 7, 5379, 1996. 
 
 
Introduction    14
 
   
     Yi et. al [8] have  reported the synthesis of series of novel aromatic diamines 
containing cyclohexane moieties. They have also synthesized and characterized soluble 
polyimides from 1,1’-bis(4-aminophenyl)cyclohexane derivatives. 
+ NH2H2N24 h
1200C
O NH3 Cl
+ -
BAPC  
1,1’-Bis (4-aminophenyl)cyclohexane (BAPC)  
           BAPC was prepared by the condensation of cyclohexanone and excess aniline 
[9,10]. To a solution of 0.41 mol (40.0 g) cyclohexanone  in 35% HCl aqueous solution 
in a 1 Lit autoclave equipped with a mechanical stirrer was added 1.68 mol (156.3 g) 
aniline and the mixture was stirred at 120 0C for 20 h. After cooling, the solution was 
made basic with aqueous NaOH solution to pH 10, and the oily layer was separated and 
steam distilled to remove the unreacted excess aniline. The residual crude product was 
recrystallized from benzene to give 86.4 g (79.4% yield) of light-yellow crystal; (m. p. 
1120C). 1,1’-Bis(4-aminophenyl)-4-methylcyclohexane (BAMC) and 1,1’-bis(4-amino 
phenyl)-3,3,5- trimethyl cyclohexane (BATMC) were prepared in a similar manner to 
that of BAPC by reacting 4-methylcyclohexanone and 3,3,5- trimethyl cyclohexanone 
with aniline.  
 
8. M. H. Yi, W. Huang, M. Y. Tin, K. Y. Choi, “Synthesis and characterization of 
soluble polyimides from 1,1’-bis(4-aminophenyl)cyclohexane derivatives”, 
Macromolecules, 30, 5606-5611, 1997. 
9. H. Waldmann, U. Leyrer, H. P. Mueller, K. J. Idel, C. Casser, G. Fengler, U. 
Westeppe, Ger. Offen D.E. 847, 4,014, 1991. 
10. J. Myska, “Note on preparation of 1,1-bis(4-aminophenyl)cyclohexane”Chem. 
Abstra., 61, 14558, 1964. 
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NH2NH2
CH3
NH2NH2
CH3
CH3CH3
BAMC BATMC  
 BAMC was recrystallized from isopropyl alcohol to give 70% light yellow 
crystals (m. p. 158.80C). BATMC was recrystallized from isopropyl alcohol to give 40% 
pale yellow powder (m. p. 460C). The structures of BAPC, BAMC and BATMC were 
supported by elemental, IR, Mass and NMR spectral data. They have also proposed the 
mechanism of diamines formation and was confirmed by the structural identification of a 
major by product by 1H NMR. The dehydration reaction was faster than the substitution 
reaction of aniline and therefore diamine yield is low.  
 Yi et. al [11] have reported the synthesis and characterization of soluble 
polyimides from aromatic diamines containing polycycloalkane structure between two 
benzene rings. 2,2’-bis(4-aminophenyl)norbornane (BANB) and 2,2’-bis(4-amino 
phenyl)admantane (BAAD) were synthesized by HCl catalyzed condensation reaction of 
corresponding polycycloalkanone with aniline hydrochloride at 140-160 0C for 20 h. The 
yields of diamines were 32-35% and the structures of diamines were supported by FTIR, 
1H NMR, 13C NMR spectroscopy and elemental analysis. The detail process and spectral 
data of diamine are given.                                                      
NH2
BAAD
H2NNH2NH2
BANB
 
 
11. M. H. Yi, W. Huang, B. J. Lee, K. Y. Choi, “Synthesis and characterization of 
soluble polyimides from 2,2’-bis(4-aminophenyl)cycloalkane derivatives”, J. 
Polym. Sci. Part-A Polym. Chem., 37, 3449-3454, 1999. 
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 To a 500-ml four-neck flask equipped with a mechanical stirrer was placed 0.16 
mol of 2-norbornanone, 0.48 mol aniline and 0.32 mol aniline hydrochloride and the 
mixture was stirred at 140-160 0C for 20 h. After cooling, the solution was made basic 
with aqueous NaOH solution to pH 10, and the purple oily layer was separated and steam 
distilled to remove the unreacted aniline. The residual crude product was treated with 
active carbon to remove the dark color, and then recrystallized from ethyl acetate to give 
15.0 g (35.2%) off white crystals of BANB (m. p. 202 0C). The structure of BANB was 
supported by MS [m/z 197 and 278 (M+)], FTIR [3444 and 3359 (NH str.), 1615 (NH 
def)] spectral and elemental analysis. 
  Inoki et. al [12] have studied curing behavior and properties of epoxy resins cured 
with the diamines having heterocyclic ring. The diamines 2-3’- bis (4-amino phenyl) 
benzoquinoxaline (BAPQ), 4,5-bis(4-aminophenyl)2-phenyl imidazole (BAPI), and 4,5-
bis(4-amino phenyl)2-methyl oxazole (BAPO) were prepared and used as curing agents. 
They have reported that DGEBA cured with aromatic diamines having heterocyclic ring, 
especially 2, 3-bis (4-aminophenyl)quinoxaline (BAPQ) displayed both excellent 
bonding strength and thermal stability.  
          Commercially available diamines such as, 4, 4’-diamino diphenyl sulfone (DDS), 
4, 4’-diamino diphenyl methane (DDM) or m-phenylene diamine possess high bonding 
strength at lower temperature, but fall at elevated temperature, while the epoxy resin 
cured with BAPQ has high bonding strength even at 1800C. 
 
 
 
 
 
 
12. M. Inoki, S. Kimura, N. Daicho, Y. Kasashima,  F. Akutsu, K. Marushima, 
“Curing behavior and properties of epoxy resins cured with diamine having 
heterocyclic ring”, J. Macromol. Sci- Pure & App. Chem., 4, 321-331, 2002. 
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NH2 NH2
N N
NH2NH2
NN
NH2NH2 SO2
NH2NH2
N NH
NH2NH2
N O
CH3
NH2NH2 CH2
BABQ BAPQ BAPI
BAPO
DDS
DDM
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The reaction route of BABQ is as under 
NH2 NH2
N N
O2N NO2
N N
SnCl2, HCl
NaOH
BABQBANQ
NH2 NH2
NO2O2N
O O
 
        Union Carbide Co. [13] has reported curing of polyepoxides with liquid glycol 
diamines (H2N (CH2)3O (CnH2nO)x (CH2)3NH2) (I), where n is 2-5 and x is 1-11. The 
cured compounds have excellent impact strength and flexibility and are stable as 
protective coatings. Thus, 100g of diglycidyl ether was mixed with 29.4 g stoichiometric 
amount of H2N (CH2)3O (CH2CH2O)2(CH2)3NH2 for 5 min. The mixture was applied on 
cold-rolled steel and was cured by storing 7 days at room temperature. 
Joshi et. al [14] have studied curing behavior and properties of epoxy resins  of 
1,1’-bis(4-hydroxy-phenyl)cyclohexane cured by using  50% pyromellitic dianhydride 
(PMDA), tetrachloro phthalicanhydride (TCP), bisphenol-C-formaldehyde resin (BCF), 
diamino diphenyl methane (DDM) and 1,1’-bis(4-amino phenyl)cyclohexane (DDC) as 
curing agents at 230oC/150oC.  
 
 
13. Union Carbide Co. (by Norman H. Reinking.), “Liquid glycol diamine curing 
agent for polyepoxides”, Brit. 904, 403, 1962. Chem. Abstr. 58, 1643, 1963.       
14.     J. K. Joshi, S. T. Gadhia, P. H. Parsania, “Thermal properties of cured bisphenol –
C–epoxy resins” J. Polym. Mater., 22, 133-144, 2005. 
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PMDA, TCP and BCF cured resins are insoluble in all common solvents, while 
DDM and DDC cured resins are soluble in common solvents. BCF, PMDA, TCP and 
DDC cured samples are thermally stable up to about 350-3650C except DDM cured 
sample (2750C). The reaction mechanism involved in the reaction between epoxy resin is 
given below. 
NH2R + H2O +
O
CHH2C R NH
H O
CHH2C
HOH .......
..........
R NH CH2 CH
OHH
+
H2O + R NH CH2 CH
OH..... OH-
 
 
 Goetz and Kruger [15] designed three new amide-based bisbipyridine ligands, L1–
L3, with the intention of forming [M2L3] complexes upon their coordination to Fe(II) and, 
in doing so, generating an inter-strand (intrahelical) cavity of sufficient size to bind 
anionic guests. The [M2L3] complexes pre-organise six amide groups around a cavity that 
is reminiscent of the hexa-amide cryptand ligands exploited with great effect in anion 
binding by Bowman-James et. al [16].  
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15. S. Goetz, P. E. Kruger, “A new twist in anion binding: metallo-helicate hosts for 
anionic guests”, Dalton Trans., 1277–1284, 2006. 
16. a) S. O. Kang, J. M. Linares, D. Powell, D. VanderVelde, K. Bowman-James, 
“New polyamide cryptand for anion binding”, J. Am. Chem. Soc., 125, 10152-
10153, 2003. 
b) S. O. Kang, D. VanderVelde, D. Powell, K. Bowman-James, “Fluoride-
facilitated deuterium exchange from dmso-d  to polyamide-based cryptands6 ”, J. 
Am. Chem. Soc., 126, 12272-12273, 2004. 
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The amide groups also provide a convenient 1H NMR spectroscopic handle by 
which to probe the contents of the cavity. Furthermore, employment of Fe(II) as the 
template in the formation of [Fe2L3]4+ complexes introduces a positive charge into the 
ligand scaffold, increasing the electrostatic contribution to prospective anion binding. 
Low spin, diamagnetic Fe(II) also provides an effective means of introducing helical 
chirality into the host molecule without greatly perturbing any 1H NMR spectroscopic 
investigations, and serves as a useful UV-Vis marker for complex formation as 
bipyridine–Fe(II) compounds are intensely coloured. They reported the synthesis of L1–
L3 and detail the formation of [Fe2L3]4+ host complexes by UV-Vis, IR and 1H NMR 
spectroscopy and ESMS and include details on their ability to bind anionic guests within 
their cavities. 
The three-dimensional structure of a new [2]-catenane has been determined by 
using 1H NMR spectroscopy. This structure agrees well with the predictions of molecular 
mechanics calculations except in the orientation of one of the amide groups, which has 
not been unambiguously determined. The catenane is locked into a well-defined 
conformation by several intermacrocycle H-bonds and π→π* interactions. The dynamic 
properties of the system were investigated by using variable-temperature 1H NMR. The 
inside and outside parts of the molecule cannot exchange with one another due to the 
bulky cyclohexyl groups, which act as spokes preventing free rotation of the 
macrocycles. The molecule does have some conformational mobility in that the inside 
isophthaloyl groups can pass through the macrocyclic cavities and this leads to a 90° 
rocking motion. The activation energy for this process is 73 kJ mol-1 and this large 
activation barrier means that the catenane adopts a chiral ground state. Splitting observed 
in the 1H NMR spectrum in the presence of a chiral shift reagent provided experimental 
evidence of this chirality. The catenane switches between its two enantiomeric 
conformations at a rate of 1 s-1 at room temperature. The intermacrocycle interactions 
inferred from the spectroscopic and modeling studies must play an important role in 
formation of the catenane. The macrocycle, was originally designed to complex p-
benzoquinone using H-bonding and π→π* interaction. It is therefore not surprising that it  
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should complex an isophthaloyl moiety via the same combination of interactions the 
isophthaloyl unit is also a electron deficient and has two carbonyl oxygens available for 
H-bonding. Thus H-bonding and a-a interactions must be responsible for templating the 
self-assembly of the interlocked ring system. This leads to a remarkably efficient 
supramolecular synthesis of the [2]-catenane was obtained in 34% yield in a one-pot 
double-macrocyclization reaction with no attempt made to optimize the yield. Moreover, 
the reaction was carried out under high-dilution conditions, which should inhibit self-
association of the reactants [17,18].  
 
NH2 O
NH2H2N
OO
Cl Cl
NH2
NH
H2N
HN
OO
TEA
CH2Cl2
TEA
CH2Cl2
OO
Cl Cl
 
17. F. Diederich, K. Dick, D. Griebel, “Water-soluble 
tetraoxa[n.1.n.1]paracyclophanes. Synthesis and host-guest interactions in 
aqueous solution” Chem. Ber., 118, 3588-3619, 1985. 
18.     F. Diederich, “Cyclophanes for complexing neutral molecules” Angew. Chem., 
100, 372-396, 1988. 
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Fuji Photo Film Co. Ltd. [19] has reported yellow disazo dye synthesized from 
1,1-bis(4-aminophenyl)cyclohexane. It was synthesized by coupling between 1,1-bis(4-
aminophenyl)cyclohexane and 1-(2-chloro-5-sulfophenyl)-3-methyl-5-pyrazolone Na salt 
in the presence of NaOH and NaOAc in water, and the diazo coupling product (Na salt) 
was treated with POCl3 in AcNMe2 to give the sulfonyl chloride derivative. This was 
treated with pyridine in AcNMe2 to give yellow disazo dye. It is very useful in color 
filters. 
 
N=N N=N
N
N N
NCl
SO3-
Cl
-O3S
HO
H3C
OH
CH3
N+ N
+
 
 
 
19. Fuji Photo Film Co. Ltd., Japan, “Yellow disazo dye”, JP 210642, 1982. 
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Section: 2 Synthesis of 1, 1’-bis(4-amino-3-methylphenyl)cyclohexane 
 (BAMPC)  
 Aromatic diamines can be synthesized by acid catalyzed condensation of  
hydrochloride salt of aromatic amines and cyclic ketones [3,8,11]. Thus, 0.23 mol o-
toluidine  hydrochloride and 0.10 mol cyclohexanone were condensed  at 150oC for 23h. 
The resultant solution of 1,1’-bis(4-amino-3-methyl phenyl)cyclohexane hydrochloride 
was cooled and made alkaline by using 10% NaOH solution, separated BAMPC was 
filtered, washed well with distilled water and dried in an oven at 500C. BAMPC was 
recrystallized repeatedly from chloroform–n-hexane system to harvest, white flower 
shaped crystals. The yield was 38.5% and mp 162oC. BAMPC was further purified by 
column using ethyl acetate-n-hexane (50:50) solvent system and checked its purity by 
TLC in ethyl acetate-n-hexane (50:50 v/v) solvent system. 
 
Reaction scheme 
+
O
10% NaOH
NH3
+
Cl
-
CH3
2 150
0C
24h
NH3
+
Cl
-
CH3CH3
Cl
-
H3N
+
NH2
CH3CH3
NH2
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2NaCl2H2O ++
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Reaction mechanism 
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Section:3 Spectral characterization 
UV spectral analysis 
This section of the thesis describes UV spectral analysis of BAMPC. Ultraviolet 
and visible spectroscopy (electronic spectroscopy) is primarily used to measure the 
multiple bond or aromatic conjugation within molecules. Most organic molecules and 
functional groups are transparent in the portions of the electromagnetic spectrum, which 
we call ultraviolet (UV) and visible (Vis.) regions that is the regions where wavelength 
range from 190 to 800 nm. The UV region extends from 1000 – 4000 Å or 100 – 400 nm. 
The further subdivision of UV is into near UV (400 – 190 nm) and far or vacuum UV 
(190– 100 nm). Consequently, absorption spectroscopy is of limited utility in this range 
of wave lengths. However, in some cases we can derive useful information from these 
regions of the spectrum. These informations, when combined with the detail provided by 
infrared and nuclear magnetic resonance spectra can lead to valuable structural proposals.  
Principle of UV spectroscopy 
On passing electromagnetic radiation through a compound with multiple bonds, a 
portion of the radiation is normally absorbed by the compound. The amount of absorption 
depends on the wavelength of the radiation and the structure of the compound. The 
absorption of radiation is due to the subtractions of the energy from the radiation beam 
when electrons in orbital of lower energy are excited into orbital of higher energy. Due to 
electron excitation phenomenon, UV is some times called electron spectroscopy. 
Ultraviolet spectrum records the wavelength of an absorption maximum (λmax) and the 
strength of absorption (molar absorptivity εmax). From these ideas, the following 
empirical expression known as the Beer – Lambert law, may be formulated [20, 21]. 
 
 
 
20.  P. S. Kalsi, “Spectroscopy of organic compounds “, 5th edn., New age, 
International Publishers, 7-14, 2003. 
21. H. H. Jaffe, M. Orchin, “Theory and application of ultraviolet spectroscopy”, 
John Wiley and Sons, New York, 1962. 
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A = log (Io/I) = ε C l 
Where, A = absorbance 
Io = Intensity of light incident upon sample cell 
I = Intensity of light leaving sample cell 
C = molar concentration of solute 
l = length of sample cell (cm.) 
ε = molar absorptivity 
The term log (Io/I) is known as the absorbance and represented by A. The molar 
absorptivity is a property of molecule undergoing an electronic transition and is not a 
function of variable parameters involved in preparing a solution. The size of the 
absorbing system and the probability that the electron transition takes place control the 
absorptivity. The molar absorptivity ε is a constant for an organic compound at a given 
wavelength and is reported as εmax, an alternative convention is to report its logarithm (to 
the base 10), log10 εmax. Its value varies from 100 - 104 and one considers the 
absorptions of the order of 104 very strong and those less than 103 as weak. The nature of 
electronic excitation on absorption of energy by a molecule in the ultra violet region 
changes are produced in the electronic energy of the molecule due to transitions of 
valance electrons in the molecule. These transitions consist of the excitation of an 
electron from an occupied molecular orbital to the next higher energy orbital. For most 
molecules, the lowest energy occupied molecular orbitals are the s orbitals, which 
corresponds to σ – bonds. The p orbitals lie to somewhat higher energy levels, and 
orbitals that hold unshared pairs. The nonbonding (n) orbitals, lie at even higher energies. 
The unoccupied or antibonding orbitals π* and σ*, are the orbital of the highest energy. 
The designation of various transitions 
In all compounds other than alkanes, the electron may undergo several transitions 
of different energy. The possibilities of various transitions and the relative energies of 
transitions are explained as below. 
1. σ→ σ* transition 
A transition of an electron from a bonding sigma orbital to the higher energy 
antibonding sigma orbital is designated as σ→ σ* and it is transition available in alkanes.  
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BAMPC possess cyclohexane ring, so this transition should be observed. But sigma 
bonds are very strong so this is a higher energy process. This transition required very 
short wave length and high energy ultraviolet light ~150 nm. A study of this transition is 
possible only in vacuum ultraviolet region below 200 nm. Thus, this transition is not 
observed experimentally in 225 – 450 nm regions. 
2. n→ σ* transitions 
This transition involves saturated compound with one heteroatom with unshared 
pair of electrons. BAMPC possess heteroatom but they are not saturated due to presence 
of azomethine group. 
3. π→π* transition (k- band) 
This transition is available in compound with unsaturated centers e.g. alkenes, 
aromatic and carbonyl compounds. Thus, this transition will be observed in BAMPC. 
This transition requires less energy than n→ σ*. The band due to π→π* transition in a 
compound with conjugated π system is usually intense and is referred as the k band 
(German Knjugierte) [22, 23]. 
4. n→π* transition (R band) 
In this transition, unshared electron pair of hetero atom is excited to π* anti-
bonding orbital. BAMPC possess nitrogen as a hetero atom with unshared electron pair, 
n→π* transition is observed around 280 nm. This transition involves least energy than all 
the transition and therefore, this transition gives rise to absorption. The band obtained due 
to n→π* transition is known as R- band. 
5. Chromophores and Auxochromes 
A chromophore is covalently unsaturated group responsible for electronic 
absorption e.g. C=C, >C=N, -NO2, etc. Some simple compounds contain chromophore 
e.g. ethene, benzene, acetone, nitrobenzene. An auxochrome represents a saturated group, 
which when attached to a chromophore changes both the intensity as well as wave 
lengths of absorption maxima. e.g. –OH, -NH2, -Cl, -Br, -F, –N (CH3)2 etc. 
22.  D. L. Pavia, G. M. Lampman, G. S. Kriz, “Introduction to spectroscopy”, 3rd 
edin., Thomson Asia pvt. Ltd., Singapore, 353-389, 2004. 
23.  N. D. Coggeshall, E. M. Lang, “Ultraviolet spectra of phenol in ethanol and in 
isooctane”, J. Am. Chem. Soc., 70, 3288, 1948. 
 
  
 Spectral…  29
 
 
6. Red and blue shifts 
A shift of absorption to a longer wavelength is called bathochromic (red shift). A 
shift of absorption to a shorter wave length is called a hypochrome shift (blue shift). 
Increase in intensity of band is known as hyperchrome effect and decrease in intensity is 
known as hypochromic effect.  
Solvents 
The choice of solvent to be used in ultraviolet spectroscopy is quite important. 
The first criterion for a good solvent is that it should not absorb ultraviolet radiation in 
the same region as the substance whose spectrum is to be determined. Usually solvents 
that do not contain conjugated system are most suitable for this purpose, although they 
vary as to the shortest wave length at which they remain transparent to ultraviolet 
radiation. Some common ultraviolet spectroscopy solvents with their cutoff point are 
water (190nm), ethanol (205nm), chloroform (240nm), n-hexane (201nm) and ether 
(215nm). 
Each of the solvents are transparent in the ultraviolet spectrum where interesting 
absorption peaks for sample molecule likely to occur. A second criterion for a good 
solvent is its effect on the fine structure of an absorption band. Polar and nonpolar 
solvents affect absorption band. A nonpolar solvent does not form hydrogen bond with 
solute and the spectrum of the solute closely approximates the spectrum that would be 
produced in the gaseous state. In a polar solvent, the hydrogen bonding forms due to 
solute–solvent complex and the fine structure may disappear. A third criterion for a good 
solvent is its ability to influence the wave length of ultraviolet light that will be absorbed 
via stabilization of either the ground or the excited state. Polar solvents do not form 
hydrogen bonds as reality with the excited states of polar molecules as with their ground 
states, and these polar solvents increase the energies of electronics transition in the 
molecules. Thus, polar solvents shift transition of the n→π* type to the shorter 
wavelengths. Similarly polar solvents shift transition of the π→π* type to longer wave 
lengths. 
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 The UV spectra (Fig.1.1) of BAMPC was recorded on a Shimadzu – 1700 UV 
spectrophotometer using chloroform and 1, 4-dioxane. The wavelength of maximum 
absorption (λmax) in 1, 4-dioxane is slightly increased in comparison with absorption in 
chloroform. Wavelength of maximum (λmax) absorption in chloroform is 245.2 nm and in 
1.4-dioxane is 248.0 nm. 
IR spectral analysis  
This section of the thesis includes IR spectral data of BAMPC. Information about 
the structure of a molecule could frequently be obtained from its absorption spectrum. 
The atomic and electronic configuration of a molecule is responsible for the position of 
absorption bands. The most structural information of organic molecules could be 
obtained from their IR spectra. The masses of the atoms and the forces holding them 
together are of such magnitudes that usual vibrations of the organic molecules interact 
with electromagnetic radiations to absorb and radiate in the IR region. During the 
absorption, it is necessary for the molecule to undergo a change in dipole moment. IR 
spectroscopy is an excellent method for the qualitative analysis because except for optical 
isomers, the spectrum of a compound is unique. It is most useful for the identification, 
purity and gross structure at detail. This technique is often faster than any other analytical 
method.  
The IR spectrum (KBr pellet) of BAMPC was scanned on a Shimadzu-8400 FT-IR 
spectrometer over the frequency range from 4000–400 cm-1. The IR spectrum of BAMPC 
is displayed in Fig. 1.2. BAMPC showed a clear cut doublet due to primary amine at 
3379.4 and 3354.3 cm-1, while N-H deformation at 1622.2 cm-1 [4,11]. Absorption band 
due to C-N stretching of primary amine is observed as a sharp peak at 1284.6 cm-1. The 
characteristic IR absorption bands due to asymmetric and symmetric stretching of Ar-
CH3 are observed at 2931.9 and 2858.6 cm-1, respectively. The characteristic IR 
absorption peaks (cm-1) along with aliphatic, alicyclic and aromatic groups of BAMPC 
are reported in Table 1.1 
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Fig.-1.1: U.V. spectra of BAMPC 
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Fig.-1.2: IR spectrum of BAMPC 
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Table 1.1:  Important characteristic IR absorption bands of 1, 1’-bis (4-amino-3-methyle 
 phenyl) cyclohexane 
Frequency, cm-1
Type Vibration mode 
Observed Reported 
C - H  asym str. 2931.9 2930-2920 
C - H  sym. str. 2858.6 2870-2860 
C-H scissoring 1450.5 1480-1440 
Alkane (-CH3 & -
CH2-) 
C-H twisting & 
Wagging 
1284.6 1250 
N-H str. 
3379.4 
3354.3 
3550-3350 
N-H def. 1622.2 1650-1580 
C-N str. 1284.6 1340-1250 
Primary amine 
(-NH2) 
N-H wagging 
823.6 
754.2 
850-750 
C=C Str. 1506.5 1579-6 
C-H i.p.d 
1157.3 
1032.0 
995.3 
1250-950 
Aromatic trisub. 
C-H o.p.d. 
887.3 
823.6 
835-820 
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1H NMR spectral analysis 
This section of the thesis includes NMR spectral data of BAMPC. Some nuclei 
spin about their axes in a manner to that electrons spin. In the presence of an externally 
applied magnetic field, a spinning nucleus can only assume a limited number of stable 
orientations. Nuclear magnetic resonance occurs when a spinning nucleus in a lower 
energetic orientation in a magnetic field absorbs sufficient electromagnetic radiation and 
excites to a higher energetic orientation. The excitation energy varies with the type and 
environment of the nucleus. NMR spectroscopy can be used for the quantitative chemical 
analysis [24-25]. NMR spectroscopy consists of measuring the energy that is required to 
change a spinning nucleus from a stable orientation to a less stable orientation in the 
magnetic field. Different spinning nuclei in the magnetic field absorb different 
frequencies of radiation to change their orientations. The frequencies at which absorption 
occur can be used for qualitative analysis. NMR spectrometer was invented in 1945 by 
Falix Bloch (Stanford University) and Edward Purcell. They shared the Nobel Prize 
(1952) in Physics for their work.  
 Proton NMR spectra of BAMPC was recorded on Bruker 300MHz (Avance-II) 
spectrometer using CDCl3 as a solvent and tetramethylsilane (TMS) as an internal 
standard. Chemical shifts were recorded in ppm and coupling constants (J) were recorded 
in Hertz (Hz). The residual CDCl3 appeared at about 7.263 ppm as a separate peak. 
Number of protons found in NMR is compare with the theoretical value. The NMR 
spectrum of BAMPC is shown in Fig.-1.3. Protons due to β and γ –CH2- of cyclohexane 
ring are observed at 1.465-1.528 ppm, while a singlet peak observed at 2.162 ppm due to 
protons of Ar-CH3, and α –CH2- protons of cyclohexane ring. A broad peak is observed 
at 4.2 ppm due to four protons of aromatic primary amine. Descriptions of other aromatic 
protons with coupling constants and predicted value are given in Table 1.2. 
24.  V. M. Parikh, “Absorption spectroscopy of organic molecules”, Addission 
Wesley Pub. 243-258, 1978. 
25.  R. M. Silverstein, G. C. Bassler and T. C. Morrill, “Spectrometric identification of 
organic compounds”, 6th Ed. John Willey and Sons, New York, 1996. 
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Fig. 1.3: 1H NMR spectrum of BAMPC 
Table 1.2: 1H NMR chemical shift (ppm) and coupling constant data of 1,1’-bis(4-amino-
 3-methylphenyl)cyclohexane 
Code 
Structure 1H NMR Chemical Shift, ppm 
{predicted value} 
BAMPC 
 
 
 
b
ca
β
αα
γ
β
H2N
CH3 CH3
NH2
 
 
1.456-1.528 [6H  d, β + γ  –CH2–],  2.162 [10H  s, α 
-CH2- + Ar-CH3], 4.2 [4H, s, –NH2], 6.666-6.686 
[2H, d  Ar-H(c), Jca=6], 6.930-6.955 [4H, d  Ar-
H(a+b), Jac=7.5] 
{1.44 (6H, β + γ  –CH2–),  2.02 (4H   α -CH2-], 2.35 
[6H, Ar-CH3], 4.0 [4H, Ar–NH2), 6.26 [2H, Ar-
H(c)], 6.68 [2H, Ar-H(b)], 6.69 [2H, Ar-H(a)]} 
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13C NMR spectral analysis 
The principal of 13C and 1H NMR is same. Radio waves flip the nucleus from the 
lower energy state to the higher state. The nucleus now wants to return to the lower 
energy state and when it does so, the energy comes out again and this (a tiny pulse of 
radiofrequency electromagnetic radiation) is what we detect. The variation in frequency 
for different carbon atoms must mean that the energy jump from nucleus-aligned-with to 
nucleus-aligned-against the applied magnetic field must be different for each type of 
carbon atoms. The reason there are different types of carbon atoms is that their nuclei 
experience a magnetic field that is not quite the same as the magnetic field that we apply. 
Each nucleus is surrounded by electrons and in a magnetic field these will set up a tiny 
electric current. This current will set up its own magnetic field (rather like the magnetic 
field set up by the electrons of an electric current moving through a coil of wire or 
solenoid), which will oppose the magnetic field that we apply. The electrons are said to 
shield the nucleus from the external magnetic field. If the electron distribution varies 
from 13C atom to 13C atom, so does the local magnetic field, and so does the resonating 
frequency of the 13C nuclei, which lead to change in electron density at a carbon atom 
also alters the chemistry of that carbon atom. 13C NMR tells us about the chemistry of 
carbon atoms of molecule as well as about its structure.  
 Off resonance decoupling is now considered an old fashioned technique. It is 
replaced by more modern methods, the most important of which is Distortionless 
Enhancement by Polarizer Transfer known as DEPT. The DEPT technique required an 
FT pulsed spectrometer. It is more complicated than off-resonance decoupling and it 
requires a computer, but it gives the same information more readily and more clearly. 
 In the DEPT technique, the sample is irradiated with a complex sequence of 
pulses in both the 13C and 1H channels. The result of these pulse sequences is that 13C 
signals for the carbon atoms in the molecule will exhibit different phases, depending on 
the number of hydrogens attached to each carbon. Each type of carbon will behave 
slightly differently, depending on the direction of the complex pulses. These differences 
can be detected and spectra produced in each experiment can be plotted. 
 One common method of presenting the results of a DEPT experiments is to plot 
four different spectra namely 13C spectrum  
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(broad band decoupled), DEPT-45, DEPT-90 and DEPT-135. A pulse sequence called 
DEPT-45 in which the only signals detected are those that arise from protonated carbons. 
DEPT-90 pulse sequence will show only carbons that bear single hydrogen. In DEPT -
135 all carbons that have an attached proton provide a signal, but the phase of the signal 
will be different, depending on whether the number of attached hydrogens is an odd or an 
even number. Signals arising from CH or CH3 groups will give positive peaks, while 
signals arising from CH2 groups will form negative (inverse) peaks. Deuterium behaves 
differently from 1H and as a result the carbon of the solvent behaves as if it were not 
protonated. 
13C NMR spectra (Fig. 1.4) were recorded on a Bruker 400MHz (Avance II) 
spectrometer using CHCl3 as a solvent and tetramethylsilane (TMS) as an internal 
standard. Different types of carbon atoms are summarized in Table 1.3 along with 
predicted value. The carbon atom (C11) attached to amine group appeared in the most 
downfield (141.71 ppm), while the carbon atom (C10) attached cyclohexane ring is 
observed in the up field (139.52ppm).   
DEPT-135 spectrum of BAMPC showed seven distinct signals due to three CH 
(114.91, 125.69 and 129.7), one CH3 (17.79ppm) and three CH2 groups (23.1, 26.61 and 
37.46ppm). CH and CH3 groups showed positive phase shifts, while CH2 groups showed 
negative phased shifts. 2H behaves differently than 1H and therefore signal due to residual 
CHCl3 is not present in the DEPT-135 spectrum.  
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Fig.1.4: 13C NMR spectrum of BAMPC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.5: 13C NMR (DEPT) spectrum of BAMPC 
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Table 1.3 13C NMR chemical shifts of 1,1’-bis(4-amino-3-methylephenyl)cyclohexane 
 
Code 
Structure 13C NMR Chemical shift 
{predicted value} 
BAMPC 
 
 
 
NH2
CH3
H2N
H3C
10
7 6
11
89
3
2
4
5
1
 
17.79 (C1), 23.05 (C2), 26.55 (C3), 37.41 
(C4), 44.71 (C5), 114.85 (C6), 121.99 (C7), 
125.63 (C8), 129.12 (C9), 139.52 (C10), 
141.71 (C11) 
 
{12.1 (C1), 21.9 (C2), 27.7 (C3), 39.7 (C4), 
40.3 (C5), 115.5 (C6), 124.8 (C7), 126.2 
(C8) 129.9 (C9), 132.9 (C10), 144.9 (C11)} 
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Mass spectral analysis 
This section of the thesis describes mass spectral analysis of BAMPC. Mass 
spectrometry is used by organic chemists to characterize organic molecules in two 
principal ways: 
1) To measure exact molecular weights, and from this, exact molecular formulae can be 
determined. 
2) To indicate within a molecule the points at which it prefers to fragments, from this, the 
presence of certain structural units in the organic compound can be recognized. 
The commonly used technique for obtaining the mass spectrum of an organic 
compound is electron impact (EI) technique. Other techniques are chemical ionization 
(CI), the fields desorption and fast atom bombardment (FAB) is used for organic 
compounds, while electrospray ionization (ESI) and matrix assisted laser desorption 
ionization (MALDI) are used for large biopolymers.  
Ionization of a molecule by electron impact (EI) 
A neutral sample of an organic molecule (M) is bombarded with high energy 
electrons. Energy of electrons is around 8-13 electron volts (eV), which is greater than 
the ionization energy for most compounds. One electron impact, the molecules are 
energized sufficiently to eject an electron. This process leads to the formation of a 
radical-cation symbolized more accurately by (M+.) but oftenly written as M+ for 
simplification, which is called the molecular ion.  The molecular ion represents the intact 
molecule which has the same weight as the starting molecule (M), because weight loss of 
electron is negligible.  
M + ē →  M +. + 2 e-
M = Neutral molecule  
ē = High energy electron  
M +.  = Radical cation (Molecular ion) 
Fragmentation of molecular ion 
The molecular ion M+. undergoes fragmentation process in which free radicals or 
neutral molecules are lost from the molecular ion. The general tendency for 
fragmentation is to give the most stable fragments. There are two major types of 
fragmentations. In the first a neutral molecule (e.g. H2O, -C2H4, CO, HCl, HCN, H2S,  
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etc.) is eliminated. The loss of a neutral molecule gives a new fragment, whose mass 
number has the same as, odd or evenness as the parent. The second fragmentation process 
involves a separation into the ion part and radical part and this process involves a variety 
of homolytic-heterolytic cleavages and rearrangement reaction. Thus, studies of 
fragmentation process provide various informations regarding structure of molecular ion 
and molecule. The graphical representation of the mass spectrum of a compound is 
constructed by plotting mass/charge (m/z) ratio versus relative abundance or percentage 
of base peak. The most intense peak in the spectrum is assigned as the base peak. The 
base peak is assigned the arbitrary intensity value of 100, while all other peaks are given 
their proportionate values. The common practice is to represent spectra of organic 
compounds in the form of bar graph. The molecular ion (M+) peak has usually the highest 
m/z values in the group of peaks of M+1, M+2, M-1, M-2. Generally molecular ion peak 
have same mass as the molecular weight of original compound. M+1 and M+2 peaks are 
isotopes peaks. The intensity of M+1 peak in mass spectra is used to know the number of 
carbon as well as nitrogen atoms. In the absence of nitrogen, the maximum number of 
carbon atoms can be calculated by dividing the relative intensity of M+1 peak by 1.1. But, 
when nitrogen atom is present, number of carbon atoms can be calculated by subtracting 
amount 0.4 X number of nitrogen atoms from the measured relative intensity of the M+1 
peak. When the M+2 peak of the ion looks larger than the M+1 peak, the compound might 
contain S, Cl, or Br. When a compound contains two Cl, Br, S or Si, proton from the M+2 
is likely to enhance the intensity of the M+1 peak. In the case of halogen atoms like 
chlorine and bromine, there are two isotopes with substantial natural abundance, which 
can lead to some distinctive patterns of peaks (spaced at intervals of two mass units) near 
to the molecular ion peak. Thus, the recognition of halogenated compounds from the 
characteristic patterns of these peaks can be done. Therefore a compound, which contains 
two chlorine or two bromine atoms or one chlorine or one bromine atom will display a 
distinct M+4 peak in addition of M+2 peak.  
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The number of nitrogen atoms present can be deduced with the help of nitrogen 
rule. When a molecule or ion contains an odd number of nitrogen atoms it will have an 
odd numerical value for the molecular weight. On the other hand when the number of 
nitrogen atoms are even or zero, the molecular weight will be even numbered. The rule 
applies to the organic compounds containing C, H, N, O, S, P, B, Si and halogens. As 
BAMPC contains two nitrogen atoms and according to nitrogen rule compound showed 
even molecular weight. In other words, in the case of species with either zero or an even 
number of nitrogen, odd electrons will have an even mass number and even electron ions 
will have an odd mass number.  
 Mass spectra of BMAPC was scanned on a Shimadzu GC-MS-QP 2010 
spectrometer by using EI (0.7 kV) detector. The ion source temperature was 220oC and 
interface temperature was 240oC. Though molecular ion peak is low in abundance but it 
gives valuable information about identification of the compound. Molecular ion further 
undergoes into various fragments, which are very useful in establishing the structure. 
Important mass spectral fragments of BMAPC are recorded in Table 1.4. An attempt has 
been made to assign each fragments mentioned in Table-1.4, through following scheme-
1.1 Upon loss of electron results into molecular ion (M+) and ultimately converted into 
low molecular mass substances. Mass spectrum of BMAPC is shown in Fig. 1.6. Thus, 
spectral data supported structure of the BAMPC. 
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Fig.1.6: Mass spectrum of BAMPC 
 
 
Table 1.4: Important mass spectral fragments of BAMPC 
 
Code m/e 
BMAPC 295, 294, 279, 252, 251, 225, 223, 144, 120, 106, 91, 77 
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N H 2NH 2
CH 3 C H 3
- H
NH
+
NH 2
C H 3CH 3
NH
+
NH 2
C H 3CH 3
-3 CH 2
NH
+
NH 2
CH 2
C H 3C H 3
-C 2H 2
NH
+
C H 3
NH
+
C H 3
.
- C 7H 9N
- C 3H 6
N H 2NH 2
CH 3 C H 3
- C 7H 8N
NH
+
C H 3
.
N H 2H 2C
C H 3
- C 7H 7N
-C 8H 9N
M.W.=294 M.W.=252
M.W.=187
M.W.=293
M.W.=251
M.W.=144
M.W.=225
M.W.=120
M.W.=106 Scheme 1.1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Thermal…  45
Section: 4 Thermal analysis 
During last few years, the method of thermal analysis have been widely accepted 
in analytical chemistry to study industrially important products such as polymers, 
pharmaceuticals, metals,  minerals, alloys , clays and various complex in inorganic 
chemistry. Several thermal methods have been recognized, which differ in the properties 
measured and temperature programs [26].  This section of the thesis describes the thermal 
analysis of BMAPC.  
 Choi et. al [8] have synthesized soluble polyimides from 1,1-bis(4-
aminophenyl)cyclohexane and various aromatic dianhydrides by the conventional 
polycondensation reaction followed by chemical imidization as well as high-temperature 
one-step polymerization. The thermal stabilities of the polyimides were evaluated by 
thermogravimetric analysis (TGA) as well as differential scanning calorimetry (DSC) 
under nitrogen atmosphere, the polyimides exhibited excellent thermal stability. They are 
stable up to 500 0C, and the residual weights at 800 0C were above 30%, which is 
comparable to the typical soluble polyimides derived from diaminophenylindane (DAPI) 
produced by Ciba Geigy.  
The glass transition temperatures (Tgs) measured by differential scanning 
calorimetry (DSC) ranged from 290 to 372 0C. They also concluded that the polyimides 
prepared from BPDA had relatively high Tgs, because of their rigid structure. The Tgs of 
the polymers were decreased according to the following series; ODPA < HFDA < BTDA 
< PMDA < BPDA. It was also found that the Tgs were increased with the number of 
methyl substituents because of the increasing restriction on the main-chain rotational 
motion. 
Same work was done by Yi et. al [11]. They have synthesized 2,2-bis(4-
aminophenyl)cyclohexane derivatives. They have synthesized diamines containing 
polycycloalkane structures between two benzene rings by HCl-catalyzed condensation 
reaction of aniline hydrochloride and corresponding polycycloalkanone derivatives. The 
polyimides were synthesized from the obtained diamines with various aromatic 
dianhydrides by one-step polymerasation in m-cresol. They reported that the polyimides 
showed good thermal stabilities and solubility. The glass transition temperatures were  
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observed in the range of 323-363 0 C, and all of the polymers were stable up to 4000 under 
nitrogen atmosphere. 
On practical side, thermal analysis of materials not only explains the behavior of 
compounds under conditions of high temperatures but also help in selecting the right kind 
of material for the specific uses, where high temperatures are encountered. It also 
suggests the design and synthesis of new materials for specific requirements in chemical 
technology such as high temperature resistant synthetic and natural fibers, transportation 
industries, electrical and electronic instruments, appliances, etc. 
Effect of various operating parameters 
1. Atmosphere  
 The atmosphere associated with any thermal analysis, which composed of gases 
those are introduced from outside and those is evolved from the samples. 
The presence or absence of such gases may have a strong influence on the results. 
These gases may react with the sample or with each other, and change the reaction 
mechanism or product composition. Inert atmosphere and vacuum will influence 
decomposition processes as well. In vacuum, primary decomposition of gases will tend to 
be pumped away from the sample before the molecules collide with the surface and 
undergo secondary reactions. When these molecules collide with inert gas molecules, 
they may undergo homogeneous reaction or may be reflected back to the sample surface 
and react there. 
2. Container geometry 
 The container geometry influences the gaseous environment and heat transfer to 
the samples. Even with a flowing gaseous atmosphere, a deep narrow container will limit 
the contact between the samples surface and gas, whereas a shallow, broad container will 
promote the contact. 
3. Container material 
 It is reasonable to expect that in some cases the container material will react with 
material being tested or some of the products. 
26.   G. Chatawal, S. Anand, “Instrumental methods of chemical analysis”, 2nd Edn., 
1984.  
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4. Sample size 
 Two major effects are associated with the sample size, namely surface and bulk 
effects. In carrying out degradation studies, it is customary to reduce particle size until 
the rate of decomposition becomes independent of size. 
5. Rate of heating 
In the case where only kinetic considerations are significant, and increase in the 
rate of temperature rise will cause the process to be displayed to a higher temperature 
because the sample will have been at the lower temperatures for a shorter length of time. 
The rate of change of the measured parameters will also be greater for faster heating. 
Differential scanning calorimetry (DSC) and Differential thermal analysis (DTA)  
 Physical transformation [27] such as glass transition, cold crystallization, 
crystallization from melt, crystalline disorientation, and melting can be studied by 
differential scanning calorimetry (DSC) and differential thermal analysis (DTA). 
   DSC is a method where by the energy necessary to establish a zero temperature 
difference between a substance and a reference material is recorded as a function of 
temperature or time When an endothermic transition occurs, the energy input to the 
sample in order to maintain a zero temperature difference, because this energy input is 
precisely equivalent in magnitude to the energy absorbed during the transition in direct 
calorimetric measurement. 
DSC provides useful information about crystallinity, stability of crystallites, glass 
transition temperature, cross linking, kinetic parameters such as the activation energy, the 
kinetic order and heat of polymerization, etc.  
 DTA is more versatile and gives data of more fundamental nature than TGA. This 
technique involves recording of difference in temperature between a substance and 
reference material against either time or temperature as the two specimens are subjected 
to identical temperature regimes in an environment heated or cooled at a programmed 
heating rate. Any transition, which the sample undergoes, results in absorption or 
liberation of energy by the sample with a corresponding deviation of its temperature from  
27. E. Heisenberg, Cellulose Chemie, 12, 159, 1931. 
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that of the reference. In DTA, as soon as the sample reaches the temperature of the 
change of its state (chemical or physical), the differential signal appears as a peak. The 
number, position, shape and nature (exothermic or endothermic) of the DTA peaks give 
information about glass transition temperature, crystalline rearrangement, melting, 
curing, degradation , decomposition of chemical substance, etc. 
Thermo gravimetric analysis (TGA) 
 Different substances decompose over different ranges of temperature yielding 
different proportion of volatile and residues. Thermo gravimetry is useful analytical 
technique for recording weight loss of a test sample as a function of temperature, which 
may be used for understanding the chemical nature of the substance. Thus, the weight of 
a substance in an environment heated or cooled at a controlled rate is recorded as a 
function of time or temperature. 
          There are three types of thermogravimetry 
1. Static or isothermal thermogravimetry 
2. Quasistatic thermogravimetry and 
3. Dynamic thermogravimetry 
Most of the studies of chemical substance are generally carried out with dynamic 
thermogravimetry. Normally the sample starts losing weight at a very slow rate up to a 
particular temperature and there after, the rate of loss becomes large over a narrow range 
of temperature. After this temperature, the loss in weight levels off. TGA curves are 
characteristic for a given substance because of unique sequence of physico-chemical 
reactions, which occur over definite temperature ranges. The change in weight is a result 
of the rupture and/or formation of various physical and chemical bonds at elevated 
temperatures that lead to evaluation of volatile products in the formation of heavier 
reaction products. The weight of the sample decreases slowly as reaction begins and then 
decreases rapidly over a comparatively narrow range of temperature and finally levels off 
as the reaction is completed. The shape of the curve depends on the kinetic parameters: 
reaction order n, frequency factor A and activation energy Ea. The values of these 
parameters have been shown to be of major importance to elucidate the mechanism of 
degradation reaction [28, 29]. 
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Reich and Levi [30] have described several temperature characteristics for qualitative 
assessment of relative thermal stability of polymers: 
1. Initial decomposition temperature (T0) 
2. Temperature for 10% weight loss (T10) 
3. Temperature for maximum rate of decomposition (Tmax) 
4. Half volatilization temperature (Ts) 
5. Differential decomposition temperature and 
6. Integral procedural decomposition temperature (IPDT) 
 With dynamic heating T0 and T10 are some of the main criteria of the thermal stability of 
a given substance. 
For the estimation of kinetic parameters from TG traces, several so called exact 
methods have been proposed. All these methods involve two important assumptions that 
thermal and diffusion barriers are negligible and that Arrhenius equation is valid. Since 
small quantities of materials are employed in TG studies, thermal and diffusion barriers 
would be negligible. Since the shape of any TG curve is dependent on the nature of 
apparatus and the way in which it is used. Most kinetic treatments are based on 
relationship of the type: 
        )(Ckfdt
dC =      …(4.1)  
where C = Degree of conversion, t = time, k = rate constant, f(C) = a temperature 
independent function of C. 
The constant k is generally assumed to have the Arrhenius form 
         k = A e-Ea/RT               …(4.2) 
28. D. W. Levi, L. Reich, H. T. Lee, “Degradation of polymers by thermal 
gravimetric techniques”, Polymer Eng. Sci., 5, 135-141, 1965. 
29. H. L. Friedman, “The mechanism of poly(tetrafluoroethylene)  pyrolysis”, U. 
S. Dept. Com., Office. Tech., 24, 1959. 
30. L. Reich, D. W. Levi, Macromol. Rev. Eds. Peterlin Goodman Wiley 
Interscience, New York, 173, 1968. 
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C is defined as the conversion with respect to initial material 
C = 1 - 
0W
W
       …(4.3) 
where W0 = Initial weight of the material and W = weight of the material at any 
time. 
The residual weight fraction is given by 
 ( )CW
W −= 1
0
 
and the rate of conversions is given by 
 ( ) dt
dWW
dt
dC
01−=     …(4.4) 
For homogeneous kinetics, the conversion would be assumed to have the form 
     …(4.5) ( ) ( )nCCf −= 1
where n = order of the reaction. 
Upon substituting Eqns. (4.2) and (4.5) into Eqn. (4.1) 
 
    dC
dt
 = A e –Ea/RT (1−C)n   
  OR 
dT
dC    =   ⎟⎟⎠
⎞⎜⎜⎝
⎛
β
A (e –Ea/RT) (1-C)n   … (4.6) 
where β  = Rate of heating. 
Methods of single heating rate 
1. Freeman – Carroll [31] and Anderson-Freeman method [32]. 
Freeman-Carroll developed the following relation to analyze TGA data at a single 
heating rate: 
  ( )( )
ln
ln 1
dC dt
C
∆
∆ − = n − R
Ea ( )( )⎥⎦
⎤⎢⎣
⎡
−∆
∆
C
T
1ln
1   … (4.7) 
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A plot of L.H.S. against 
( )
( )C
T
−∆
∆
1ln
1
 for equal interval of ∆(1/T) would yield a straight 
line with slope equal to Ea/R and the intercept equal to n. Using Eqn. (4.7) Anderson-
Freeman derived Eqn. (4.8). 
                 ( ) ⎟⎠
⎞⎜⎝
⎛∆−−∆=⎟⎠
⎞⎜⎝
⎛∆
TR
ECnn
dt
dCn a 1111     ..(4.8) 
 According to Eqn. (4.8), the plot of ( )dtdCn1∆  against  for equal 
intervals of 
( Cn −∆ 11 )
( )T1∆  would be a straight line with slope equal to n and the intercept 
equal to ( )TREa 1)/( ∆−  
2. Sharp-Wentworth method [33] 
 For a first order process (n=1), Sharp-Wentworth derived following relation to 
analyze TGA data: 
( )
TR
EA
C
dtdC a 1.
303.2
log
1
log −=⎥⎦
⎤⎢⎣
⎡
− β   ..(4.9) 
 The plot of log ⎟⎠
⎞⎜⎝
⎛
− C
dtdC
1
/
against 1/T would be a straight line, with slope equal 
to –(Ea/2.303 R) and intercept equal to ( )β/log A . 
3. Chatterjee method [34] 
 Chatterjee developed the following relation for the determination of n from TG 
curves based on weight units. 
 
 
31. E. S. Freeman, B. Carroll, “The application of thermoanalytical techniques to 
reaction kinetics. The thermogravimetric evaluation  of the kinetics of the 
decomposition of calcium oxalate monohydrate”, J. Phys. Chem., 62, 394-397, 
1958. 
32. D. A. Anderson, E. S. Freeman, “Kinetics of the thermal degradation of 
 polystyrene and polyethylene”, J. Polym. Sci., 54, 253-260, 1961. 
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21
21
loglog
loglog
WW
dt
dW
dt
dW
n −
⎟⎠
⎞⎜⎝
⎛−⎟⎠
⎞⎜⎝
⎛−
=    …(4.10) 
 where W1 and W2 are the sample weight. 
4. Horowitz and Metzger method [35] 
 The value of Ea can be determined from a single TG curve according to Horowitz 
and Metzger: 
               ln ( )[ ]11ln −− C  = 2RTsEa θ                        …(4.11) 
where Ts = Temperature at which the rate of decomposition is maximum and θ  = T – Ts. 
The frequency factor A and entropy change S∆  can be determined respectively 
according to  
Eqns. (4.12) and (4.13). 
ln Ea – ln ( )2RTs  = lnA − ln β − 2RTsEa             …(4.12) 
                               A=
h
Tkb e∆S /R              …(4.13) 
         where kb is the Boltzman constant 
Uses of multiple heating rates 
(1) Anderson [36] method 
 Anderson [36] and Friedman [37] have developed the methods based on multiple 
heating rates. These methods are based on the fact that as the heating rates are increased, 
TG curves tend to shift to higher temperatures, since at lower temperature decomposition 
occurs for shorter times. 
 
33.   J. H. Sharp, S. A. Wentworth “Kinetic analysis of  thermogravimetric data”, 
Anal. Chem., 41, 2060-2062, 1969. 
34.   P. K. Chatterjee, “Application of thermogravimetric techniques to  reaction 
kinetics”, J. Polym. Sci., A-3, 4253-4262, 1965. 
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The relation is 
 ( ) RT
ECnnnAnR at −−+= 1111     …(4.14) 
    where Rt = dTdCβ  
 The plot of lnRt against 1/T at various fixed degree of conversion would be a 
straight line with slope equal to –Ea/R at a fixed degree of conversion. 
In order to evaluate the values of n and A, Eqn. (4.15) can be employed by considering 
1/T = 1/T0 when ln Rt = 0 
          )1(ln CnnARTo
Ea −+= l    …(4.15) 
According to Eqn (4.15), the plot of Ea/RT0 against ln(1-C) would be a straight line with 
slope equal to n and intercept equal to lnA. 
(2)  Friedman method [37] 
 Friedman [17] has developed following Eqn. (4.16): 
          RT
E
CnnnA
dt
dCn a−−+=⎟⎠
⎞⎜⎝
⎛ )1(111  … (4.16) 
According to Eqn. (4.16), the plot of ln dC/dt against 1/T at various values of fixed 
degree of conversion would be a straight line with slope equal to –Ea/R and 
 )1( CnnnAIntercept −+= ll     …(4.17) 
The intercept obtained from the first graph can be plotted against ln(1-C), the slope and 
the intercept of which yield the values of n and A, respectively. 
35.   H. H. Horowitz, G. Metzger, “New analysis of thermogravimetric  traces”, Ana. 
Chem., 35, 1464-1468, 1963. 
36.   H. C. Anderson, “Thermogravimetry of polymer pyrolysis  kinetics”, J. Polym. 
Sci., 6, 175-182, 1964. 
37.   H. L. Friedman, “Kinetics of thermal degradation of char- forming  plastics 
from thermogravimetry-application to a phenolic resin”, J. Polym. Sci., 6, 183-
195, 1964. 
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 (3) Ozawa method [38] 
 Ozawa has developed the following Eqn. 4.18: 
 ( ) ⎟⎠
⎞⎜⎝
⎛−−−≈−∫ RT
E
RT
AE
C
dC aa
C
n 4567.0315.2loglog1
log
0
β  …(4.18) 
 The plot of log β against 1/T would be a straight line for the fixed values of 
conversion; the slope is equal to –0.4567(Ea/R). 
 DSC and TGA thermograms of BAMPC were scanned on Perkin Elmer Pyris-I 
instrument at the heating rate of 100C/min in nitrogen atmosphere. DSC thermogram of 
BAMPC is shown in Fig. 1.6. Endo thermic transition at 165.42 0C (∆H=30.90 kJmol-1 
and ∆S= 70.45    Jmol-1deg-1) is due to melting of BAMPC. The energy of transition was 
determined at 165.42 0C using heat of transition as 30.90 kJmol-1. TG thermogram of 
BAMPC is presented in Fig. 1.7 from which it is observed that BAMPC is thermally 
stable up to about 2000C and followed single step degradation. The weight loss involved 
over the decomposition range 200-265 is ~93.3% with ~1.3% residual weight at 2650C. 
The observed temperature of maximum weight loss is 255.5 0C. Kinetic parameters were 
determined according to Eqns. 4.8 and 4.13. The detailed calculations are presented in 
Table 1.5. Anderson-Freeman plot i.e. the plot of ∆ln(dw/dt) against ∆lnw is shown in 
Fig. 1.8 (Regression coefficient R2=0.99). The slope of the this plot yielded the value n 
(0.86) and the intercept yielded the value of Ea (133.6 kJmol-1). The value of A and ∆S* 
were determined at Tmax and they are 1.52x1011 s-1 and -35.59 Jdeg-1. The negative value 
of ∆S* indicated that transition state is more in orderly state than that of initial state.  
 The degradation of the compound is a complex process and involves a variety of 
reactions namely rearrangement, cross-linking, cleavage, branching, etc. Amino and 
methyl groups are weak linkages in the molecule and therefore selective cleavage took 
place from these linkages with the formation of free radicals, which further underwent a 
series of reactions and ultimately degraded into low molecular mass substance, which are 
supported by different mass fragments in spectral analysis section. Minute residual 
weight above 300 0C supported only formation of low molecular mass substances. 
38.  T. Ozawa, “A new method of analyzing thermogravimetric data”,  Bull. Chem. 
Soc. Jap., 38, 1881-1886, 1965. 
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Fig. 1.7: DSC thermogram of BAMPC at the heating rate of 100C/min in N2 atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.8 TG thermogram of BAMPC at the heating rate of 100C/min in N2 atmosphere 
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Table 1.5: TGA data of BAMPC 
Code T0,0C T10,0C Tf,0C Tmax,0C Decomposition 
Range,0C 
% 
Wt.loss,0C 
% 
Residue,0C 
BAMPC 162.4 197.1 258.5 255.5 200-265 93.3 1.27 
 
 
 
 
 
Table 1.6: The calculation scheme for BAMPC by Anderson-Freeman method 
1000/T % wt.loss W lnW dw/dt lndw/dt ∆lnW ∆lndw/dt 
1.87 81.256 16.904 2.828 1.868 0.625 -0.261 -0.06 
1.88 76.22 21.94 3.088 1.993 0.69 -0.216 -0.02 
1.89 70.94 27.22 3.304 2.041 0.713 -0.18 0.007 
1.9 65.564 32.596 3.484 2.027 0.707 -0.152 0.032 
1.91 60.224 37.936 3.636 1.964 0.675 -0.128 0.052 
1.92 55.032 43.128 3.764 1.865 0.623 -0.109 0.068 
1.93 50.085 48.075 3.873 1.743 0.556 -0.092 0.082 
1.94 45.456 52.704 3.965 1.606 0.474 -0.078 0.092 
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Fig. 1.9 The Anderson-Freeman plot of BAMPC 
 
 
Table 1.7: The kinetic parameters of BAMPC derived according to Anderson-Freeman 
method. 
Code n Ea, kJ(105) A, S-1 ∆S* Jdeg-1 R2
BAMPC 0.858 1.3361 1.52 x1011 -35.59 0.999 
 
 
 
Table 1.8: DSC data of BAMPC 
Code Peak temp. 0C Heat of 
transition ∆H, 
Jg-1
∆H, 
kJmol-1
Entropy of 
transition ∆S*, 
Jmol-1deg-1
BAMPC 165.42 
Endo 
105.10 30.90 70.45 
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Section: 5 Microbial study 
 Anti bacterial and antifungal activities of BAMPC were screened for the in vitro 
growth inhibitory activity against gram positive and gram negative (Escherichia coli, 
Enterobacter aerogenes and Bacillus megaterium, Staphylococcus aureus) by using the 
disc diffusion method. The bacteria were cultured in nutrient agar medium and used as 
inoculum for this study. Bacterial cells were swabbed on to nutrient agar medium 
[prepared from NaCl (5.0 g), peptone (5.0 g), beef extract powder (3.0 g), yeast extract 
powder (3.0 g), Agar (20.0 g) in 100 ml distilled water; pH = 7.5 ± 0.2)] in petri plates. 
Ciprofloxacin and cephalexin were used as anti bacterial standard drugs. 
 The fungal was cultured in potato dextrose agar medium (prepared from potato 
150 g; dextrose 5 g and agar 2 g in 200 ml distilled water) was poured in sterilized 
petriplates and allowed to solidify. The plates were inoculated with a spore suspension of 
A.niger (106 spores’/ml of medium). The compounds to be tested were dissolved in DMF 
to final concentration (weight/volume) of 0.4 % and soaked in filter paper (Whatman No 
4) discs of 6 mm diameter and 1mm thickness. The discs were placed on the already 
bacterial and fungal seeded plates and incubated at 35 ± 2 0C for 24 h and 28 ± 2 0C for 4 
days, respectively. The inhibition zones were measured after subtracting inhibition due to 
solvent used. Gentamicine and griseofulvin were used as antifungal standard drugs.  
 BAMPC, standard drugs (ciprofloxacin, cephalexin, gentamicine, griseofulvin) 
and solvent were screened for their microbial activity against gram positive, gram 
negative bacteria and fungi by disc diffusion method. Comparative zones of inhibition 
(mm) after correction due to solvent, for standard drugs and BMAPC are listed in Table 
1.9 from which it is observed that BMAPC possesses mild antibacterial and antifungal 
activity in comparison to selected drugs and microbes.  
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Table 1.9: Biological activity of standard drugs and BAMPC. 
 
Code Bacteria Fungi 
 E.coli E.aero B.mega S.aur A.niger 
BAMPC 4 3 5 7 9 
C1 12 21 23 22 - 
C2 14 22 18 24 - 
C3 - - - - 23 
C4 - - - - 24 
 
C1: Ciprofloxacin 
C2: Cephalexin 
C3: Gentamicine 
C4: Griseofulvin 
  
Chapter-2 
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Chapter-2 Synthesis, physico-chemical and microbial study of symmetric 
double Schiff bases 
Section 1 Introduction  
 The chemistry of carbon-nitrogen double bond has played a vital role in the 
progress of chemical sciences. Due to presence of a lone pair of electrons on the nitrogen 
atom and general electron donating character of the double bond, these types of 
compounds have found very large applications in the field of chemistry. The compounds 
containing >C=N- group are known as imines or azomethine or anil, but in general they 
are known as a “Schiff base” in honor of Schiff who has synthesized such  types of 
compounds first time [1,2].  
 The literature survey revealed that Schiff bases are useful as starting materials in 
the synthesis of important drugs, such as antibiotic, antiallergic, anticancer, 
antiphologistics and antitumor, etc [3-5]. Schiff base compounds are widely used as fine 
chemicals, analytical reagents, corrosion inhibitors as well as ligands also [6, 7]. Schiff 
bases possess characteristic properties like manifest of thermal stabilities, abnormal 
magnetic properties, relevant biological properties, high synthetic flexibility, co-
ordinating ability and medicinal utility. A wide range of Schiff bases have been 
synthesized and extensively studied [8, 9]. The condensation reaction between aromatic 
or aliphatic aldehydes with aromatic or aliphatic amines in acidic condition results into 
Schiff bases [10-12]. 
 
1. H. Schiff, Ann. Chem., 131, 118, 1864. 
2. S Patai, “The chemistry of the carbon nitrogen double bond”, John Wiley and 
Sons Ltd., London, 1970. 
3. V. E. Kuzmin, A. G. Artemenko, R. N. Lozytska, A. S. Fedtchouk, V. P. 
Lozitsky,  E. N. Muratov, A. K. Mescheriakov, “Investigation of anticancer 
activity of macro cyclic Schiff bases by means of 4-D QSAR based on simplex 
representation of molecular structure” SAR QSAR Environ. Res., 16, 219-230, 
2005. 
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4. C. K. Ingold, “Structure and mechanism in organic chemistry”, Ithaca Cornell 
Univ. 2nd ed. 1969. 
5. A. P. Mishra, M. Khare, S. K. Gautam, “Synthesis, physico–chemical 
characterization and antibacterial studies of some bioactive Schiff bases and their 
metal chelates”, Synth. React.  Inorg.  Metal Org. Chem., 32, 1485-1500, 2002.  
6. S. Bilgic, N. Caliskan, “An investigation of some Schiff bases as a corrosion 
inhibitors for austenitic chromium-nickel steel in H2SO4”, J. Appl. Electrochem., 
31, 79-83, 2001. 
7.  D. Y. Sabry, T. A. Youssef, S. M. El-Medani, R. M. Ramadan, “Reaction of 
chromium and molybdenum carbonyls with bis (salicylaldehyde) ethylene diimine 
Schiff base ligand”, J. Coord. Chem., 56, 1375-1381, 2003.   
8. Y. P. Tian, C. Y. Duan, X. Z. You, “Crystal structures spectroscopic and non-
linear optical properties of metal complexes of Schiff base ligands containing 
nitrogen and sulphur donors”, Transition Met. Chem., 23, 17-20, 1998. 
9. Y. P. Tian, C. Y. Duan, Z. L. Lu, X. Z. You, “Crystal structures and spectroscopic 
studies on metal complexes containing N S donor ligands derived from S-
benzyldithiocarbazate and p-dimethylamino benzaldehyde”, Polyhedron, 15, 
2363-2371, 1996. 
10. N. Parvathi, K. L. Omprakash, “Mixed ligand complexes of a novel Schiff base 
derived from benzimidazole 2-carboxaldehyde and ethylene diamine”, J. Electro. 
Chem. Soci. Ind., 51 , 96-98, 2002. 
11. Sarai, Mahnaz, Entezami, Ali Akbar “Synthesis and characterization of poly 
Schiff bases derived from 5a, 10b-dihydrobenzofuro 2, 9-dicarbaldehyde with 
various diamines”, Iranian Polym. J., 12, 43-50, 2003. 
12. A. K. Mishra, P. Panwar, M. Chopra, R. Sharma, J. F. Chatal, “Synthesis of novel 
bifunctional Schiff bases ligands derived from condensation of  1-(p-nitro benzyl) 
ethylene diamine and 2-(p-nitro benzyl) 3-monooxo, 1,4,7-triazaheptane with 
salicylaldehyde”, New J. Chem., 27, 1054-1058, 2003. 
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 Schiff bases easily form stable metal complexes with most of the metal cations so 
they play an important role in Inorganic chemistry also [13-15]. Metal complexes 
synthesized from Schiff bases have been widely studied because of their various 
industrial and biological applications [16, 17]. 
 
13. M. N. Uddin, M. A. Ali, F. E. Smith, M. A. Mridha, “Preparation, 
characterization and antifungal activities of nickel (II) and copper (II) complexes 
of ONS ligands formed from acetyl acetone and alkyldithiocarbazates”, Trans. 
Met. Chem., 17, 74-78, 1992. 
14. M. E. Hossain, M. N. Alam, J. Begum, M. A. Ali, F. E. Smith, R. C. Hynes, “The 
preparation, characterization, crystal structure and biological activities of some 
copper (II) complexes of the 2-benzoyl pyridine Schiff bases of 5-methyl and 5- 
benzyldithiocarbazate”, Inorg. Chim. Acta., 249,  207-213, 1996. 
15. H. Temel, M. Sekerci, “Novel complexes of manganese (III), Cobalt (II), Copper 
(II), and Zinc (II) with Schiff base derived from 1,2- bis(p-aminophenoxy)ethane 
and salicylaldehyde”, Synth. React. Inorg., Met.-Org. Chem., 31, 849-857, 2001. 
16. H. Temel, U. Cakir, H. I. Urgas, “Synthesis and characterization of Zn (II), Cu(II) 
and Ni(II) complexes with bidentate Schiff base ligands. complexation studies 
and the determination of stability constant”, Russ. J. Inorg. Chem., 46, 2022-
2026, 2001. 
17. H. Temel, M. Sekerci, S. Ilhan, R. Ziyadanogullari, “Synthesis and 
characterization of new Cu (II), Ni (II), Co(II), and Zn(II) complexes with Schiff 
base”, Spectrosc. Lett., 35 , 219-228, 2002. 
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 Ren et. al [18] have synthesized thirty Schiff bases of hydroxysemicarbazide (Ar-
CH=N-NHCONHOH) and tested against L1210 murine leukemia cells. They reported that 
a total of 17 out of the 30 compounds had higher inhibitory activities than hydroxyurea 
(an anticancer drug currently used for the treatment of melanoma, leukemia, and ovarian 
cancer) against L1210 cells. They measured partition coefficient (log P) and ionization 
constants (pKa) of a model compound [1-(3-trifluoromethylbenzylidene)-4-
hydroxysemicarbazide] by the shake-flask method, and the measured log P was used to 
derive Hansch-Fujita π constant of –CH=N-NHCONHOH.  
H2N N
H
C N
H
OH
O
O
O
Cl
NH2OH.HCl
K2CO3
O
O
NHOH
HCl
NH2NH2.H2O
OHAr-CHO
MeOH
Ar C
H
N N
H
C N
H
OH
O
H2O
EtOH
ether/water
 
On basis of Quantitative Structure-Activity Relationship (QSAR) analysis they 
concluded that besides the essential pharmacophore (-NHCONHOH), hydrophobicity 
(logP), molecular size/polarizability (calculated molar refractivity), and the presence of 
an oxygen- containing group at the ortho position were important determinants for the 
antitumor activities. In previous studies of these types of compounds it has been 
identified that [-C(=X)NHOH; X=O, NH] is essential pharmacophores for 
antitumor/antiviral activities [19,20].  
 
 
18. S. Ren, R. Wang, K. Komatsu, P. Bonaz-Krause, Y. Zyrianov, C. E. McKenna, C. 
Csipke, Z. A. Tokes, E. J. Lien, “Synthesis, biological evaluation, and quantitative 
structure-activity relationship analysis of new Schiff bases of 
hydroxysemicarbazide as potential antitumor agents”, J. Med. Chem., 45, 410-
419, 2002. 
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 Adsule et. al [21] have described the synthesis of novel 1:1 Schiff base copper 
complexes of quinoline-2-carboxaldehyde showing dose-dependent, antiproliferative, and 
proapoptotic activity in PC-3 and LNCaP prostate cancer cells. They found that quinoline 
thiosemicarbazone II (FPA-137) was the most potent and inhibited proteosome activity in 
intact human prostate cancer PC-3 and LNCaP cells (IC50 of 4 and 3.2 µM, respectively) 
compared to clioquinol and pyrrolidine dithiocarbamate (IC50 of 10 and 20 µM), 
supporting the novelty of II.  
N
O
H
N
N
H
NH
S H
Cu
Cl
Cl
I II  
These synthesized Schiff base compounds are different with respect to their various 
functional groups attached to the quinoline ligand. The highest cytotoxic activity was 
observed for the copper complex II that inhibited chemotropism-like proteasome activity 
in intact prostate LNCaP cancer cells. They suggest that the strategies adopted in 
modifying the parent ligand with introduction of cytotoxic thiocarbonyl side chains 
enhance the antitumor property with subsequent lowering of IC50 values.  
 
19. E. J. Lien, “Ribonucleotide reductase inhibitors as anticancer and antiviral 
agents”,  Prog. Drug Res., 31, 1-26, 1987. 
20. A. Das, M. D. Trousdale, S. J. Ren, E. J. Lien, “Inhibition of  herpes simplex 
virus Type-1 and adenovirus Type-5 by heterocyclic Schiff bases of 
aminohydroxyguanidine tosylate”,  Antiviral Res., 44, 201-208, 1999. 
21. S. Adsule, V. Barve, D. Chen, F. Ahmed, Q. Ping Dou, S. Padhye,  F. H.  Sarkar, 
“Novel Schiff base copper complexes of quinoline-2 carboxaldehyde as 
proteasome inhibitors in human prostate cancer cells”, J. Med. Chem., 49(24), 
7242-7246, 2006. 
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 Ziegler et. al [22] have reported novel antimalarial drug based on metal 
complexes, which inhibit the aggregation of hemozoin. They synthesized Schiff base 
based on N4O2 complexes (III). The high degree of synthetic control over the ligand 
scaffolding and the wide choice of coordinating metals offer considerable potential for 
long range viability against developing resistance.  
OCH3
OCH3
N N
N N
O
O
M
M = Fe(III), Ga(III), Mg(II)  
 The hexadentate ENBPI complexes represent an adaptable class of antimalarial 
compounds due to the modular nature of the coordination complex reflected by the 
widely available choice of ligand components and potential metals.  
 Patel and Mistry [23] have synthesized 2-azetidinones and 4-thiazolidinones from 
Schiff bases. They reported biological screening of the prepared compounds against some 
strains of gram positive (Bacillus subtillis and Staphylococcus aureus) and gram negative 
(E. coli and Salmonella typhi) bacteria at a concentration of 50 µg/ml. 
 
 
 
 
22. J. Ziegler, T. Schuerle, L. Pasierb, C. Kelly, A. Elamin, K. A. Cole, D. W. 
Wright, “The propionate of heme binds N4O2 Schiff base antimalarial drug 
complexes”, Inorg. Chem., 39, 3731-3733,  2000. 
23. H. S. Patel, H. J. Mistry, “Synthesis of novel sulphonamides and evaluation of 
their antibacterial efficacy”, Phosphorus, Sulfur, and Silicon, 179, 1085-1093, 
2004. 
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The result shows that the prepared compounds are toxic against the bacteria. The 
comparison of the antibacterial activity of these compounds with penicillin and 
sulphanilamide shows that these compounds have almost similar activity to the standard 
drugs. 
  Raman et. al [24] have synthesized some neutral complexes of Cu(II), Ni(II), 
Co(II), Mn(II), VO(II) and Zn(II) from the Schiff base derived from benzil and 2-
aminobenzyl alcohol. They described the structural features from their microanalytical, 
IR, UV-Vis, 1H NMR, Mass and ESR spectral data. The in vitro biological screening 
effects of the investigated compounds were tested against bacteria by serial dilution 
method. The minimum inhibition concentration (MIC) values of the compounds against 
the growth of microorganisms indicated that most of the metal chelates exhibit higher 
antibacterial activity than the free ligands. 
 
24. N. Raman, A. Kulandaisamy, K. Jeyasubramanian, “Synthesis, structural 
characterization, redox and antimicrobial studies of  Schiff base Copper(II), 
Nickel(II), Cobalt(II), Manganese(II), Zinc(II) and Oxovanadium(II) complexes 
derived from benzil and 2-aminobenzyl alcohol”, Polish J. Chem., 76, 1085-1094, 
2002. 
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NN
Ph Ph
HOOH
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Ph Ph
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M
VI VII  
This ligand system coordinates with the metal ion in a tetradentate manner 
through the hydroxyl groups and azomethine nitrogen atoms of the Schiff base. The 
structure of the Schiff base (VI) is given in above reaction scheme. 
 Kuzmin et. al [25] have reported anticancer activity of a set of macro cyclic Schiff 
bases based on 2,6- bis(2 and 4 formylaryl -oxy methyl)pyridine. They have derived 
correlation equation between the anticancer activity and structural parameters of the 
molecules studied.  
N
O O
CH=N  R  N=CH
Where R= Various aromatic and aliphatic diamines  
      
CH2-N=CH X X
F1 F2
where x = non aromatic carbon atom
nF1= number of structural fragments f1 
nF2= number of structural fragments f2
 
25. V. E. Kuzmin, V. P. Lozitsky, G. L. Kamalov, R. N. Lozitskaya, A. I. Zheltvay, 
A. S. Fedtchouk, D. N. Kryzhanovsky, “Analysis of the structure-anticancer 
activity relationship in a set of Schiff bases of macrocyclic 2,6-bis(2 and 4-
formylaryl oxymethyl) pyridines”, Acta  Biochim. Pol., 47, 867-875, 2000. 
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 They have proved that the increase in activity of the investigated Schiff bases 
towards leukemia and prostate cancer is caused by the presence of F1 fragments and the 
increased in number of F2 fragments lowered the activity both towards the CNS cancer 
and melanoma and so average activity towards nine tumors.  
 Ortho-dialdehydes and aliphatic diamines macro cyclic Schiff bases containing 
two F1 fragments are the most effective, while the appropriate 4, 4’ derivatives and 1,4-
phenylene diamine Schiff bases containing two F2 fragments give lower anticancer 
activity. 
 Lozitsky et. al [26] have reported 4D-QSAR study and anticancer activity of 
macro cyclic Schiff bases. The Schiff bases were synthesized by the condensation of 
various aliphatic and aromatic diamines with 2,6-bis(2 and 4-formyl aryloxy methyl) 
pyridine derivatives. 
N
O O
CH=N N=CH
N
CH
N
CH
N
O O
OCH3 OCH3
 
 
 
 
26. V. P. Lozitsky, V. E. Kuzmin, A. G. Artemenko, R. N. Lozytska, A. S. 
Fedtchouk, E. N. Muratov, A. K. Mescheriakov, “Investigation of anticancer 
activity of macrocyclic Schiff bases by means of 4D-QSAR based on simplex 
representation of molecular structure”, SAR QSAR Environ. Res., 16, 219-230, 
2005. 
 
 
Introduction   69
 
  
 The results of biological activities showed that Schiff bases are active towards cell 
growth of the nine cell culture of human malignant tumors like leukemia, CNS cancer, 
prostate cancer, breast cancer, melanoma, small cell lung cancer, colon cancer, ovarian 
cancer and renal cancer. They claimed that pyridine ring has a negative influence on 
anticancer activity, while the presence of the >C=N- group with different substituents 
promotes anticancer activity. Para substituted phenyl with non-aromatic substituents 
prevent the activity.   
 Bhowon et. al [27]  have reported antibacterial  properties of Schiff bases and 
Schiff base metal complexes. The Schiff bases were derived from 2, 3 diamino pyridine 
and selected aldehydes namely, salicylaldehyde, 4-hydroxy benzaldehyde and 4-
nitrobenzaldehyde.  
 The mixed Schiff base of derived from salicylaldehyde and p-hydroxy 
benzaldehyde by simple condensation displayed antibacterial properties against bacteria 
Pseudomonas aeruginosa and Salmonella. 
 The susceptibility is almost the same for both the microbes but inactive against 
Escherichia coli and Staphylococcus aureus. They have claimed that 2, 3-diamino 
pyridine did not show activity against all these microbes, though all the Schiff bases have 
been found to be active against P. aeruginosa and Salmonella. Similarly Cu+2 and Ni+2 
complexes of nitro Schiff base exhibited antibacterial activities against these two 
bacteria. 
N
N=CH
N=CH NO2
NO2
N
N=CH
N=CH OH
OH
N
N=CH
N=CH
OH
OH
N
N=CH
N=CH
OH
OH  
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 Kraicheva et. al [28] have reported synthesis and spectroscopic study of three 
novel 5-methylfuryl containing symmetric Schiff bases. These three Schiff bases were 
synthesized by condensation of 5-methyl furfuraldehyde with 4,4’-diaminodiphenyl 
methane, 1,4-phenylene diamine and benzidine, respectively.  Schiff bases were 
recrystallized from cyclohexane and characterized by TLC, elemental analysis, IR, 1H 
NMR and 13C NMR spectral analysis. They have also synthesized 
bis(aminophosphonates) of these three Schiff bases, which have biological properties and 
various applications in agro chemistry.  
O O
H3C CH3CH=N R N=CH
CH2Where  R =
 
 Ray et. al [29] have reported metal ion uptake behavior of formaldehyde 
condensed resins of phenolic Schiff bases derived from the reaction between 4-4’-
diamino diphenyl and 4,4’-diamino diphenyl methane with o-hydroxy benzaldehyde. 
They have examined metal ion uptake characteristic of o-HB-DDM-HCHO and o-HB-
DD-HCHO towards transition metal ions like Cu+2, Ni+2 and UO2+2 under both 
competitive and non-competitive conditions. The resin o-HB-DDM-HCHO (VIII) is 
more effective in removing metal ions in comparison of o-HB-DD-HCHO (IX). 
Preferential adsorption of Cu+2 by both the resins was observed from the salt solution.  
 
27. M. G. Bhowon, T. Jeewoth, H. L. Kam-Wah, “Synthesis, characterization and 
antibacterial properties of Schiff bases  and Schiff base metal complexes 
from 2,3- diamino pyridine”,  Transition Met. Chem., 445-448, 1999. 
 
28. I. Kraicheva, P. Finochiaro, S. Failla, “Synthesis and NMR spectroscopic study of 
new 5-methylfuryl containing Schiff  bases and related bis(amino phosphonates)”, 
Phosphorus,  Sulfur, and Silicon, 179, 2345-2354, 2004. 
 
29. A. R. Ray, S. Samal, S. Acharya, R. K. Dey, “Studies of metal ion uptake 
behavior of formaldehyde condensed resins of phenolic Schiff bases derived from 
the reaction of 4,4’-diamino diphenyl and 4,4’-diamino diphenyl methane with o-
hydroxy benzaldehyde”, Ind. J. Chem. Technol., 11, 695-703, 2004. 
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Several Schiff bases have been investigated as corrosion inhibitors for various 
metals and alloys in acidic media [30-32]. The use of inhibitors is one of the most 
practical methods for the protection against corrosion in acidic media [33]. Acidic media 
HCl and H2SO4 are key reagents of metal industries. Most of the well known acid 
inhibitors are organic compounds containing nitrogen, sulphur and oxygen atom. The 
influence of heterocyclic compounds and other nitrogen containing organic compounds 
used as corrosion inhibitors for steel in acidic media are reported by several workers 
[34,35].   
30. M. N. Desai, M. B. Desai, C. B. Shah, S. M. Desai, “Schiff bases as corrosion 
inhibitors for mild steel in hydrochloric acid  solutions”, Corros, Sci., 26, 827-837, 
1986.  
31. H. Shokry, M. Yuasa, I. Sekine, R. M. Issa, G. K. Gomma, “Corrosion inhibition 
of mild steel by Schiff base compounds in various aqueous solutions: Part 1” 
Corros, Sci., 40, 2173-2186, 1998. 
32. S. Li, S. Chen, S. Lei., H. Ma. R., Yu, D. Liu, “Investigation on some Schiff bases 
as HCl corrosion inhibitors for copper” Corros. Sci., 41, 1273-1278, 1999. 
33. G. Trabane, “The use of electrochemical impedance spectroscopy to study armco 
iron corrosion in acid solutions inhibited by quaternary ammonium compounds”    
Corros. Sci., 32, 903-911, 1991. 
34. S. Kertit, B. Hammouti, M. Taleb, M. Brighli, “Peptidic compounds as corrosion 
inhibitor for iron in acid chloride solution” Bull Electro. Chem., 13, 241-244, 
1997. 
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 Agarwal et. al [36] have proved that Schiff bases possess the unique characteristic 
of improving both anti wear and corrosion inhibition properties of a lubricant. Schiff 
bases derived from the reaction of an aromatic aldehyde (i.e. salicylaldehyde) and 
aromatic diamines can be added to a variety of lubricants and particularly lubricating 
greases in amount ranging up to about 5% by weight of the total composition. The 
lubricants containing Schiff bases are very useful for high performance engine such as 
machinery aboard ship, submarines and particularly in the aircraft industry. The engines 
perform work at higher speeds, higher load and higher temperature and therefore life of 
lubricants and engine parts decrease, which can be prevented by using Schiff bases as an 
additive in lubricating oils and greases. 
 Bilgic and Caliskan [37] have reported that Schiff bases synthesized from 
condensation of salicylaldehyde with o-aminophenol and o-toluidine are found powerful 
corrosion inhibitor for austenic-chromium-nickel steel in sulphuric acid. The structures of 
these Schiff bases are as under S1 and S2. 
CH N
OH H3C
CH N
OH HO
S1 S2  
 
 
  
 
35. M. N. Desai, P. O. Chauhan, N. Shah Proceeding of 7th European Symposium on 
“Corrosion Inhibitors” Sez V. Ann. Univ. Ferrara Italy, 1199, 1990.  
36.  V. S. Agarwal, K. S. Rajan, P. K. Sen, “Synthetic lubricating oil greases 
containing metal chelates of Schiff bases”, US Pat., 5,147,567, 1992. 
37. S. Bilgic, N. Caliskan, “An Investigation of some Schiff bases as corrosion 
inhibitors for austenitic chromium–nickel steel in H2SO4”, J. Appl. Elect., 31, 79-
83, 2001. 
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From the adsorption enthalpies (?H) they have concluded that:    
(1) Schiff base –S1 adsorbed more strongly on the steel surface. 
(2)  Both Schiff bases act anodically and cathodically inhibitors but their efficiency 
appear to be better when they are used in anodic measurements. 
(3)  The adsorption of Schiff base S1 obeys the Temken (multilayer) isotherm where 
as Schiff base S2 follow Langmuir (monolayer) isotherm. It is explained on the 
basis of fact that the first Schiff base forms intermolecular hydrogen bonding and 
second contains two close spaces –OH groups making to form intramolecular H-
bonds. 
 Tautomerism in Schiff bases, with –OH group in ortho position to the amino 
group both in solution and in solid state have been investigated by spectroscopic and X-
ray crystallographic techniques [38-40]. Schiff bases with –OH group in ortho position to 
the imino group are of interest mainly due to the existence of either O-H---N or O---H-N 
bonds and due to tautomerism between the enol- imine and keto-amine form [41,42].  
 In these compounds hydrogen bond forms between the –OH group in the ortho 
position to the imino group and imine nitrogen is due to the stereochemistry. In some 
instances the hydrogen from the –OH group is completely transferred to the imine 
nitrogen. In other words enol amine  ? keto amine equilibrium shifts predominates [43-
45].  
 
38. M. Yildiz, Z. Kilic, T. Hokelek, “Intramolecular hydrogen bonding and 
tautomerism in Schiff bases. Part I. Structure of 1,8-bis[2-
(salicylidenamino)phenoxy]-3,6-dioxaoctane”, J. Mol. Struct., 441(1), 1-10, 1998. 
39. H. Nazir, M. Yildiz, H. Yildiz, M. N. Tahir, D. Viku “Intramolecular hydrogen 
bonding and tautomerism in Schiff bases structure of N (2-pyridil) 2-oxo-1-
naphthylidene methyl amine”, J. Mol. Struct., 524, 241-250, 2000. 
40. K. Wozniak, H. Y. He, J. Klinowski, W. Jones, E. Grech, “Intramolecular 
hydrogen bonding in N-salicylideneanilines  X-ray diffraction and solid state 
NMR studies”, J. Chem. Soc. Faraday Trans., 91, 77-85, 1995. 
 
 
Introduction   74
 
 
 Salman et. al [46] have studied keto-enol tautomerism and mass spectra of series 
of Schiff bases derived from the condensation of salicylaldehyde with aniline and 
naphthaldehyde. They have reported that in the UV –Vis spectra of the Schiff bases with 
the –OH group in ortho position to the imino group, a new peak of wave length greater 
than 400 nm is observed in polar and non polar solvents. This result indicates that the 
absorption peak at 400 nm belongs to the keto - amine form of the Schiff base. This 
tautomer is always observed when the Schiff base is derived from 2-
hydroxynaphthaldehyde and aromatic amine. If Schiff bases derived from salicylaldehyde 
and aromatic amine the keto-amine form is not observed in polar and non-polar solvents 
but observed in acidic media [47-50].  
 
41. S. R. Salman, S. H. Shawkat, G. M. Al-obaidi, “Tautomerism in o-hydroxy Schiff 
bases effect of alkyl group”, Can. J. Anal. Sci. Spectrosc., 35, 25-27, 1990. 
42. S. R. Salman, J. C. Lindon, R. D. Farrant, T. A. Carpenter, “Tautomerism in 2 
hydroxy-1-naphthaldehyde Schiff bases in solution and the solid state investigated 
by 13C NMR spectroscopy”,  Magn. Reson. Chem., 31, 991-994, 1993. 
43. G. O. Dudek, E. P. Dudek, “Spectroscopic studies of keto-enol equilibria. VII. 
Nitrogen-15-substituted Schiff bases”, J. Am. Chem. Soc. 86, 4283-4287, 1964. 
44. G. O. Dodek, E. P. Dudelk, “Spectroscopic studies of keto-enol equilibria. IX 
Nitrogen -15 substituted Schiff bases”, J. Am. Chem. Soc., 88, 2407-2412, 1966. 
45. H. Unver, M. Yildiz, D. M. Zengin, S. Ozbey, E. Kendi, “Intramolecular 
hydrogen bonding and tautomerism in N-(3-pyridyl)-2-oxo-1-naphthylidene-
methylamine”, J. Chem. Crystallogr., 31, 211-216, 2002. 
46. S. R. Salman, F. S. Kamounah, “Mass spectral study of tautomerism in some -1-
hydroxy-2-naphthaaldehyde Schiff bases”, Spectrosc. Lett., 35,  327-335, 2002. 
47. R. Harzfeld, P. Nagy, “Role of the acidity and basicity of the solvent in the 
solvent effect observed in the absorption spectra of the certain types of Schiff 
bases”, Spectrosc., Lett., 32,  57-71, 1999.  
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 In the field of co-ordination chemistry ortho-hydroxylated Schiff bases have 
received considerable attention [51]. The introduction of lateral polar hydroxy groups 
enhances the molecular polarizability as well as stabilizing the liquid crystalline 
compounds [52]. In addition Schiff base complexes are known to show antifungal 
activity, which is increased by the presence of hydroxy groups in the ligands [53]. Schiff 
bases metal complexes have been widely studied because of their industrial and 
biological applications. 
 
 
 
 
 
48. H. Unver, D. M. Zengin, K. Guven, “Intramolecular hydrogen bonding and 
tautomerism in 1-[N-(4-bromophenyl)]aminomethylidene-2(1-H)naphthalene”, J. 
Chem., Crystallogr, 30, 359-364, 2000. 
49. J. W. Lewis, C. A. Sandorfy, “Spectroscopic study of the solvent dependent 
process of a imines of benzaldehyde and salicylaldehyde”, Can. J. Chem., 60, 
1727-1737, 1982. 
50. J. W. Ledbetter, “Resonance raman spectra of the tautomers of pyridoxal and 
salicylaldehyde Schiff bases”, J. Phys. Chem. 86, 2449-2451, 1982. 
51. H. Temel, U. Cakir, H. I. Urgas, M. Sekerci, “The synthesis, characterization and 
conductance studies of new Cu(II), Ni(II) and Zn(II) complexes with Schiff base 
derived from 1,2- bis(o-amino phenoxy) ethane and salicylaldehyde”, J. Coord. 
Chem., 56, 943-951, 2003. 
52. G. Y. Yeap, S. T. Ha, P. L. Lim, P. L. Boey, W. A. K. Mahmood, “Synthesis and 
mesomorphic properties of Schiff base esters ortho-hydroxy, para-alkyloxy 
benzylidene-para substituted anilines”, Mol. Crystal, Liq. Cryst., 423, 73-84, 
2004. 
53. H. C. Lin, “Synthesis and characterization of some indium  complexes of Schiff 
base”, Synth. React. Inorg., Met. Org. Chem., 23, 1097-2006, 1993. 
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 Cakir et. al [54] have synthesized Cu(II), Ni(II), Zn(II) and Co(II) complexes of 
Schiff base derived from 4-methoxy benzaldehyde and 1,2 bis(4-aminophenoxy) ethane. 
Schiff base and its complexes were characterized by magnetic susceptibility, conductance 
measurements, elemental analysis, UV-Vis, 1H NMR and IR spectral studies. Based on 
the physical and chemical data of spectral studies they have proposed structure of Schiff 
base and its complexes. 
O O
+
NH2 NH2OCH3
C=OH
CH2 CH2
CH2
CH2
N=CH
N=CH
O
O
OCH3
OCH3
2 abs. Et-OH
Heat
-2 H2O
 
 Temel [55] has reported Cu(II), Ni(II), and Zn(II) complexes with the Schiff base 
derived from 1,2-bis(o-aminophenoxy)ethane and 2-hydroxynaphthalene-1-
carbaldehydene. It is characterized by elemental analysis, magnetic measurement, 1H 
NMR, UV and IR spectra, as well as conductance studies. Magnetic properties showed 
that Cu(II) Schiff base complex  is  paramagnetic and its  magnetic moment is 1.61 BM. 
Since Cu(II) complex is a  paramagnetic and as a result its 1H NMR spectrum could not 
be obtained, while Ni(II) and Zn(II) Schiff base complexes are diamagnetic and 1H NMR 
spectra were obtained.  
 
 
54. U. Cakir, H. Temel, S. Ilhan, H. I. Urgas, “Spectroscopic and conductance studies 
of new transition metal complexes with a Schiff base derived from 4-
methoxybenzaldehyde and 1,2 bis- (4-aminopheoxy) ethane”, Spectrosc. Lett., 36, 
429-440, 2003. 
55. H. Temel, “Synthesis and spectroscopic studies of new Cu(II), Ni(II), and Zn(II) 
complexes with N,N’-bis(2-hydroxynaphthalene-1-carbaldehydene)1,2-bis(o-
aminophenoxy)ethane”, J. Coord. Chem., 57, 723-729, 2004.  
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Conductivity studies showed that the complexes are non-electrolyte as shown by their 
molar conductivity measurements in DMF. Synthesis of the ligand N,N’-bis(2-
hydroxynaphthalene-1-carbaldehydene)-1,2-bis (o- aminophenoxy) ethane. 
NH 2
O
H2N
O
CH 2 CH 2
+
CHO
OH
OH
CH
HO
CH
N
O
N
O
CH 2 CH 2
Reflux
Ab.Et-OH
-2H 2O
 
 Patel et. al [56,57] have reported synthesis of symmetric Schiff base known as 
N,N’- di (o-hydroxy phenyl) terephthalaldehyde diimine. They have also reported 
synthesis of Mn(II), Ni(II), Cu(II), Zn(II) and  Cd(II) complexes of Schiff base ligand and 
characterized by elemental analyses, IR and electronic spectra, magnetic measurements 
and thermo gravimetric analysis. The Schiff base was derived from terephthalaldehyde 
and o-aminophenol.  
CHO
CHO
+
NH2
OH
C2H5OH
Reflux , 1 h
CH=N
CH=N
OH
OH
N-N'di(o-hydroxy phenyl)terephthalaldehydediimine
2
 
56. N. H. Patel, K. M. Patel, K. N. Patel, M. N. Patel, “Co-ordination chain polymers 
of transition metals with Schiff base”, Synth. React. Inorg. Met-Org. Chem., 31, 
1031-1039, 2001. 
57. N. H. Patel, P. K. Panchal, M. N. Patel, “Synthesis and characterization and co-
ordination polymers of trivalent lanthanides with a Schiff base”, Synth. React. 
Inorg., Met.-Org. and Nano-Met. Chem., 35, 107-110, 2005. 
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 They have noticed that when ethanolic solutions of terephthalaldehyde and o-
aminophenol were mixed, a yellow crystalline solid was obtained immediately. The 
ligand derived from it, is insoluble in organic solvents like benzene, chloroform and 
acetone but soluble in DMF. 
 Yang et. al [58] have  reported microwave assisted condensation of 
salicylaldehyde and aryl amines without solvent with high yields, which were confirmed 
by IR, 1H NMR, 13C NMR and elemental analyses. They have reported that solvent free 
organic synthesis mediated by microwave irradiation (M.W.) offers significant 
advantages such as economy, environmental friendly, simple work up procedure and high 
yields along with fairly mild conditions. 
 While on the contrary in classical organic synthesis it is common to meet the 
problem of removing solvents especially in the case of aprotic dipolar solvents with high 
boiling points or the isolation of reaction products through liquid – liquid extraction. The 
absence of solvent reduces the risk of hazardous explosion when the reaction takes place 
in a closed vessel in a microwave oven.  
 Aghayan et. al [59] have synthesized tetradentate Schiff bases using microwave 
activation under solvent free condition with and without support. They have proved 
microwave (M.W.) enhanced chemical reaction in general and on organic supports. 
Microwave assisted reactions have gained popularity over the usual homogeneous and 
heterogeneous reactions. They can be conducted rapidly and provide pure products in 
quantitative yields without using solvent.  
C
OH
O
R
R' NH2H2N
C
OH
R
N
R'
N C
HO
R
+ M. W.
Cl
N,
, ,
R= H, CH3  R'= (CH2)2
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 They have synthesized tetradentate Schiff bases by the reaction of salicylaldehyde 
or 2-hydroxy acetophenone with the corresponding diamines such as ethylene diamine, 
phenylene diamine, 2-3-diaminopyridine and 4-chlorophenylenediamine supported on 
silica gel. In short they have developed simple and rapid procedure for the synthesis of 
tetradentate Schiff bases.  
 The literature survey on Schiff bases of aromatic diamines revealed that no work 
has been reported on Schiff bases of 1-1’bis (4-amino-3-methylphenyl) cyclohexane, 
which encouraged us to synthesize symmetric double Schiff bases by microwave 
irradiation and classical methods.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
58. H. Yang, W. H. Sun, Z. Li, L. Wang, “Solvent free synthesis of  salicylaldimines 
assisted by microwave irradiation”, Synth. Comun., 32, 2395-2402, 2002. 
59. M. M. Aghayan, M. Ghassemzadeh, M. Hoseini, M. Bolourtchian, “Microwave 
assisted synthesis of the tetradentate Schiff bases under solvent free-and catalyst 
free condition”, Synt. Commun., 33, 521-525, 2003. 
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Section: 2   Synthesis of symmetric double Schiff bases by classical   
method 
 Schiff bases of general structure (Scheme-2.1) were synthesized by condensing 
BAMPC and substituted aldehydes in ethanol by using glacial acetic acid as a catalyst at 
reflux temperature. Thus, into a 100 ml RBF, 0.01mol BAMPC was dissolved in 35 ml 
ethanol containing 2 ml glacial acetic acid. To this solution 0.02 mol aldehyde was 
dissolved in 20 ml ethanol and was added drop wise and refluxed. Schiff bases were 
isolated from excess of chilled water, filtered, washed well with sodium bisulphite, 
distilled water and dried at 500C in an oven. Schiff bases are soluble in common solvents 
and were recrystallized at least three times from appropriate solvent system. Their purity 
was checked by TLC in appropriate solvent system. Analytical data of SDSB-1 to SDSB-
11 are reported in Table 2.1. 
 
Section: 3 Synthesis of Symmetric double Schiff bases by  microwave 
irradiated method 
 A 0.01 mol BAMPC and 0.02 mol aromatic aldehydes were mixed together at 
ambient temperature in a 50 ml Erlenmeyer flask and the mixture was subjected to 
microwaves (400watt) for an optimized time. The progress of the reaction was monitored 
by simultaneous TLC in appropriate solvent system and purity was checked by TLC. The 
reaction time and yields are reported in Table 2.1. 
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Reaction Scheme 
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SDSB-1    R= H   SDSB-7    R= 4-N (CH3)2
SDSB -2   R= 1-OH             SDSB -8   R= 2-Cl 
SDSB-3    R= 4- OCH3           SDSB-9    R= 3-Cl 
           SDSB-4    R= 2-NO2  SDSB-10   R= 4-Cl
SDSB-5    R=3-NO2          SDSB-11   R= 1-Br 
SDSB-6    R= 4-NO2 
 
Reaction mechanism 
HC
O
H+
C N
Ph
H
Ph
C
OH
H
-H+
C N
Ph
H H
Ph
H2N
-H2O
+H2O C
NHPhPh
H OH2
C
NH2PhPh
H OH
..
..
 
 Normally an acid catalyst is added for imine formation. Without an acid catalyst, 
the reaction is very slow, though in some cases it may still take place (oximes, for 
example, will form without acid catalysis, but form much faster with it). It is important to 
notice that acid is not needed for the addition step in the mechanism (indeed, protonation 
of the amine means that, this step is very slow in strong acid), but is needed for the 
elimination of water later on in the reaction. Imine formation is in fact fastest at about pH 
4–6 at lower pH, too much amine is protonated and the rate of the first step is slow; 
above this pH the proton concentration is too low to allow protonation of the OH leaving 
group in the dehydration step. Imine formation is like a biological reaction: it is fastest 
near neutrality [60] which shown in Fig. 2.1. 
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Fig. 2.1: Variation of rate of imine formation with pH 
 Either side of pH 5–6 the reaction goes more slowly. This is a sign of a change in 
rate determining step. Where there is a choice between two rate-determining steps, the 
slower of the two determines the overall rate of the reaction. It has a minimum rate at 
about neutrality showing that the mechanism must change. Where there is a choice of 
mechanism, the faster of the two operates. The contrast between the two is obvious from 
the diagrams.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
60. J. Clayden, N. Greeves, S.Warren, P. Wothers, “Organic Chemistry”, Oxford  
Uni. Press., 349-350, 2001 
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Table 2.1:  Analytical data and experimental details of SDSB-1 to SDSB-11 
 
EA : Ethyl acetate, Hex: Hexane, CF: chloroform, MeOH: methanol  
TLC 
Classical 
Method 
 
Microwave 
Method 
Sample M.F. 
 
R M.W. mp, 0C Solvent 
system 
Rf 
value, 
cm 
Time, 
h 
Yield, 
% 
Time, 
min 
Yield, 
% 
SDSB-1 C34H34N2 H 470 115
EA:Hex. 
80:20 
0.65 8 86.7 0.5 91 
SDSB-2 C34H34N2O2 2-OH 502 80 
CF:MeOH 
95:05 
0.71 6 89.4 1.2 90 
SDSB-3 C36H38N2O2 4-OCH3 530 104
EA:Hex. 
80:20 
0.52 5.5 84.6 1.2 94 
SDSB-4 C34H32N4O4 2-NO2 560 150
EA:Hex. 
80:20 
0.63 6.5 80.6 1.2 89.2 
SDSB-5 C34H32N4O4 3-NO2 560 90 
EA:Hex. 
80:20 
0.68 7 90.4 1.3 90.4 
SDSB-6 C34H32N4O4 4-NO2 560 84 
EA:Hex. 
80:20 
0.64 9 87.6 1.5 89.5 
SDSB-7 C38H44N4
4-
N(CH3)2
556 188 EA:Hex. 
80:20 
0.59 10.5 92.4 2.0 93.1 
SDSB-8 C34H32N2Cl2 2-Cl 539 152
EA:Hex. 
80:20 
0.55 10 83.6 1.4 87.9 
SDSB-9 C34H32N2Cl2 3-Cl 539 135
EA:Hex. 
80:20 
0.58 10 87.2 2.0 89.2 
SDSB-10 C34H32N2Cl2 4-Cl 539 103
EA:Hex. 
80:20 
0.65 8 89.2 1.1 92.4 
SDSB-11 C34H32N2Br2 2-Br 628 78 
EA:Hex. 
80:20 
0.62 7.5 94.6 1.2 96.1 
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Section: 4 Spectral analyses 
UV spectral analysis 
 The UV spectra of Schiff bases were recorded on a Shimadzu – 1700 U.V. 
spectrophotometer by using chloroform and 1, 4-dioxane as solvents. UV spectra of 
SDSB-1 to SDSB-11 are presented in Figs.2.2 to 2.12, respectively. Wavelength of 
maximum (λmax) absorption in two solvents are presented in Table 2.2 from which it is 
observed that λmax has decreased in 1,4-dioxane except SDSB-7 and SDSB-11. In case of 
SDSB-7, no solvent effect is observed on absorption, while in case of SDSB-11 a 
considerable increase of λmax is observed in 1, 4-dioxane. Thus λmax found to depend on 
solvent polarity. 
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Fig. 2.2: UV spectra of SDSB-1 in chloroform and 1,4-Dioxane 
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Fig. 2.3: UV spectra of SDSB-2 in chloroform and 1,4-Dioxane 
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Fig. 2.4: UV spectra of SDSB-3 in chloroform and 1,4-Dioxane 
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Fig. 2.5: UV spectra of SDSB-4 in chloroform and 1,4-Dioxane 
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Fig. 2.6: UV spectra of SDSB-5 in chloroform and 1,4-Dioxane 
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Fig. 2.7: UV spectra of SDSB-6 in chloroform and 1,4-Dioxane 
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Fig. 2.8: UV spectra of SDSB-7 in chloroform and 1,4-Dioxane 
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Fig. 2.9: UV spectra of SDSB-8 in chloroform and 1,4-Dioxane 
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Fig. 2.10: UV spectra of SDSB-9 in chloroform and 1,4-Dioxane 
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Fig. 2.11: UV spectra of SDSB-10 in chloroform and 1,4-Dioxane 
 
 
 
Spectral…   96
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 2.12: UV spectra of SDSB-11 in chloroform and 1,4-Dioxane 
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Table 2.2: The λ max values of SDSB-1 to SDSB-11 in CHCl3 and 1, 4- dioxane 
 
λ max , nm 
Code 
CHCl3 1,4-Dioxane 
SDSB-1 253.0 249.0, 220.4 
SDSB-2 349.0, 269.0, 241.5 
347.5, 269.5, 231.5, 
222.0,  
SDSB-3 281.0 333.0, 280.5, 222.0  
SDSB-4 242.0 277.4, 232.6, 221.8 
SDSB-5 251.0 244.2 
SDSB-6 279.5 376.8, 276.4, 272.8 
SDSB-7 353.0 353.0, 238.0, 221.0 
SDSB-8 252.5 267.0, 251.0, 220.6 
SDSB-9 253.0 341.6, 268.4, 221.0 
SDSB-10 269.5 268.4  
SDSB-11 276.0 324.0, 282.5, 224.0 
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IR spectral analysis 
 Information about the structure of a molecule could frequently be obtained from 
its absorption spectrum. Clougherty et. al [61] observed that for Ar-CH=N-Ar types of 
Schiff bases frequency range is 1631-1613 cm-1 for -CH=N- group. Walther and Claus 
[62] have reported Infrared study of Schiff bases of R-Ph-C=N-Ph-R’ types in various 
solvents namely C6H6, CCl4, CH2Cl2 and CH3CN. They have concluded that there aren’t 
any significant effects of solvent on position of –CH=N- band, but the intensity of band 
increases by electron donating group and decrease by electron withdrawing group. 
 The IR spectra of Schiff bases were scanned on a Shimadzu-8400 FTIR 
spectrometer over the frequency range from 4000–400 cm-1 by KBr pellet method. IR 
spectra of SDSB-1 to SDSB-11 are shown in Figs. 2.13 to 2.23. The characteristic IR 
absorption peaks (cm-1) along with aliphatic, alicyclic and aromatic groups of Schiff 
bases are reported in Tables 2.3 to 2.7. 
 IR characteristic band due to -CH=N- is observed in the range of 1634-1617 cm-1 
as an intense sharp band, while C-N str. band is observed in the range of  1372-1312 cm-
1. C-H symmetric and asymmetric absorption bands due to -CH2-, -CH3 and -OCH3 
groups are observed in the range of 2934-2921 and 2859-2847 cm-1, while -CH2- 
scissoring and ring stretching bands due to cyclohexane ring are observed in the range of 
1047.4-1028.1 and 976.4-947.1 cm-1 respectively. C-H out of plane deformation and in 
plane deformation due to 1,4 and 1,3 disubstitutions are observed respectively in the 
range of 770-739 and 1200-1119 cm-1.  
 
 
 
 
 
 
61. L. E. Clougherty, J. A. Sousa, G. M. Wyman, “Notes -C=N stretching frequency 
in infrared spectra of aromatic azomethines”, J. Org. Chem., 22, 462, 1957. 
62. K. Walther, G. J. W. Claus, Z. Naturforsch, 22A, 746, 1967. 
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Fig. 2.13: IR spectrum of SDSB-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.14: IR spectrum of SDSB-2 
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Fig. 2.15: IR spectrum of SDSB-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.16: IR spectrum of SDSB-4 
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Fig. 2.17: IR spectrum of SDSB-5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.18: IR spectrum of SDSB-6 
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Fig. 2.19: IR spectrum of SDSB-7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.20: IR spectrum of SDSB-8 
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Fig. 2.21: IR spectrum of SDSB-9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.22: IR spectrum of SDSB-10 
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Fig. 2.23: IR spectrum of SDSB-11 
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Table 2.3: The characteristic IR absorption bands (cm-1) of SDSB-1 to SDSB-11 
Frequency in cm-1
Observed Type Vibration mode 
SDSB-1 SDSB-2 
Reported 
C - H  asy str. 2920.3 2932.6 2930-2920
C - H  sym. str. 2850.9 2855.4 2870-2860
C-H scissoring 1494.9 1455.2 1480-1440
Alkane (-CH3 & 
-CH2-) 
C-H twisting & 
Wagging 1278.9 1279.7 1250 
C=C Str. 1576.0  1569.0 1579 ± 6 
C-H i.p.d. 1199.8 1028.1 
1152.1 
908.4 1250-950 
Aromatic 
trisub. 
C-H o.p.d. 815.9 826.4 820-835 
1608.2 1598.0 1604 + 3 
- 1488.0 1510-1480C = C str. 
1450.5 - 1452 + 4 
- 
1192.9 
 
 
1180-1160C – H  i.p.d. 
 
1070.5 
 1119.6 1130-1110
Mono sub. 
and 
di sub. 
C – H  o.p.d 790.5 754.1 900-860 865-810 
Ar-OH str. - 3415.7  
3550-3400 
 
Ar-OH def. - 1315.2 1410-1310R 
C-O str. - 1150.5 1230-1140
N = CH str. 
 
1624.1 
 
1617.2 
 1690-1635Imine 
C – N  vib. 1361.8 1361.7 1360-1310
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Table 2.4: 
Frequency in cm-1
Observed Type Vibration mode 
SDSB-3 SDSB-4 
Reported 
C - H  asy str. 2926.1 2922.3 2940-2915
C - H  sym str. 2847.0 2858.6 2870-2845
C-H scissoring 1492.6 1494.9 1480-1440
Alkane (-CH3 &   
-CH2-) 
C-H twisting & 
Wagging 1255.7 1275.0 1250 
C=C Str. 1572.0 1570.1 1579 ± 6 
1165.0 
 
1194.0 
 
1175 ± 6 
 C-H i.p.d. 
1030.0 1039.7 1033 ± 5 
Aromatic 
trisub. 
C-H i.p.d. 817.9 815.9 817 ± 15 
1606.8 - 1604 + 3 
1182.4 1194.0 1185 + 3 
1514.2 - 1510-1480
C = C str. 
1454.4 1448.6 1452 + 4 
1201.7 
 
1165.0 
 1177 + 6 C – H  i.p.d. 
 1122.6 1122.6 1156 + 5 1073 + 4 
Aromatic 
disub. 
C – H  o.p.d 873.8 790.8 900-860 865-810 
1255.7 - 1270-1230
C-O-C str. 
1030.0 -  1120-1030
Ar-NO2 str. - 1523.8 1550-1510
R 
Ar-NO2 def. - 1342.5 
 
1365-1335
N = CH str. 
 
1622.2 
 
1620.3 
 1690-1635Imine 
C – N  vib. 1309.7 1309.7 1360-1310
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Table 2.5: 
Frequency in cm-1
Observed Type Vibration mode 
SDSB-5 SDSB-6 
Reported 
C - H  asy str. 2935.7 2933.8 2940-2915
C - H  sym str. 2856.7 2858.6 2870-2845
C-H scissoring 1448.6 1496.8 1480-1440
Alkane (-CH3 &   
-CH2-) 
C-H twisting & 
Wagging 1271.1 1292.4 1250 
C=C Str. 1572.5 1565.3 1579 ± 6 
1199.8 
 
1197.8 
 1175 ± 6 C-H i.p.d. 
1030.2 1030.0 1033 ± 5 
Aromatic 
trisub. 
C-H o.p.d. 812.1 814.0 817 ± 15 
1610.5 1599.0 1604 + 3 
1161.2 - 1185 + 3 
1474.7 - 1510-1480
C = C str. 
- 1450.5 1452 + 4 
1122.6 
 
1124.5 
 1177 + 6 
1091.8 1105.3  1156 + 5 
C – H  i.p.d. 
 
1076.3 
 1052.4 
1073 + 4 
1027 + 3 
Aromatic 
disub. 
C – H  o.p.d 970.2 976.0 900-860 865-810 
Ar-NO2 str. 
 
1529.6 
 
1518.0 
 
1550-1510 
 R 
Ar-NO2 def. 1352.1 1344.4 1365-1335
N = CH str. 
 
1628.0 
 
1633.8 
 1690-1635Imine 
C – N  vib. 1315.5 1313.6 1360-1310
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Table 2.6: 
Frequency in cm-1
Observed Type Vibration mode 
SDSB-7 SDSB-8 
Reported 
C - H  asy str. 2928.0 2930.0 2940-2915
C - H  sym str. 2854.7 2856.7 2870-2845
C-H scissoring 1491.0 1440.9 1480-1440
Alkane (-CH3 &   
-CH2-) 
C-H twisting & 
Wagging 1234.5 1273.1 1250 
C=C Str. 1552.8 1564.3 1579 ± 6 
1174.7 1197.8 1175 ± 6 
C-H i.p.d. 
1033.9 1033.9 1033 ± 5 
Aromatic 
trisub. 
C-H o.p.d. 819.2 815.9 817 ± 15 
- 1593.3 1604 + 3 
1519.6 1467.9 1510-1480C = C str. 
1435.1 - 1452 + 4 
1136.1 
 
1132.6 
 1177 + 6 
1118.8 1122.6 1156 + 5 C – H  i.p.d.  
1066.7 
 
1049.3 
 1073 + 4 
Aromatic 
disub. 
C – H  o.p.d 885.4 883.4 900-860 865-810 
C – N  vib. 1371.4 1363.7 1360-1310
R 
Ar-Cl - 754.2 750-700 
N = CH str. 
 
1591.3 
 
1620.3 
 1690-1635Imine 
C – N  vib. 1310.6 1363.7 1360-1310
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Table 2.7: 
Frequency in cm-1
Observed Reported Type Vibration mode 
SDSB-9 SDSB-10 SDSB-11  
C - H  asy 
str. 2931.9 2931.9 2931.9 2940-2915 
C - H  sym 
str. 2856.7 2856.7 2856.7 2870-2845 
C-H 
scissoring 1450.5 1467.9 1448.6 1480-1440 
Alkane       
(-CH3 &      
-CH2-) 
C-H twisting 
& Wagging 1276.9 1273.1 1276.9 1250 
C=C Str. 1566.3 1564.3 1587.5 1579 ± 6 
1167.0 
 
1178.6 
 
1163.1 
 
1175 ± 6 
 C-H i.p.d. 
1033.9 1047.4 1035.4 1033 ± 5 
Aromatic 
trisub. 
C-H o.p.d.. 825.6 815.9 824.3 817 ± 15 
1593.3 1593.3 1599.0 1604 + 3 
1197.8 1197.8 1236.4 1185 + 3 
1493.0 1493.0 1512.2 1510-1480 
C = C str. 
1467.9 1442.8 1448.6 1452 + 4 
1122.6 
 
1126.5 
 
1124.5 
 1156 + 5 
1087.9 1087.4 1085.6  1073 + 4 
C – H  i.p.d 
- 970.2 981.8 1027 + 3 
Aromatic 
disub. 
C – H  o.p.d 881.5 852.4 889.2  
900-860 
865-810 
Ar-Cl 744.6 761.9  - 750-750 R 
Ar-Br - - 594.1 600-500 
N = CH str. 
 
1622.2 
 
1620.3 
 
1599.0 
 
1690 – 1635 
 Imine 
C – N  vib. 1371.4 1361.8 1352.0 1360 – 1310 
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1H NMR spectral analysis 
Proton NMR spectra were recorded on a Bruker 100/ 300/ 400MHz (Avance-II) 
spectrometer using CDCl3 as a solvent and tetramethylsilane (TMS) as an internal 
standard. 1H NMR spectra of SDSB-1 to SDSB-11 are presented in Figs.2.24 to 2.34, 
respectively. Chemical shifts were recorded in ppm and coupling constants (J) were 
recorded in Hz with predicted values (Table 2.8). The residual CHCl3 appeared at about 
7.261ppm either as a separate peak or merged with peaks due to aromatic protons.  
The CH=N gave a singlet at 8.23-8.84 ppm. The Ar-CH3 protons combined with 
α-CH2- protons to give either a singlet or a doublet at 2.1-2.4 ppm, while β+γ –CH2- 
protons gave a singlet or doublet at 1.4-1.6 ppm. 
13C NMR spectral analysis 
 13CNMR spectrum of SDSB-2 was recorded on a Bruker 100 MHz spectrometer 
using CDCl3 as a solvent. 13C NMR spectrum of SDSB-2 is shown in Fig. 2.34 and 
observed and predicted chemical shifts are recorded in Table 2.9. Observed and predicted 
chemical shift are in good agreement. 
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Fig. 2.24: 1H NMR spectrum of SDSB-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.25: 1H NMR spectrum of SDSB-2 
 
Spectral…   112
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.26: 1H NMR spectrum of SDSB-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.27: 1H NMR spectrum of SDSB-4 
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Fig. 2.28: 1H NMR spectrum of SDSB-5 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.29: 1H NMR spectrum of SDSB-6 
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Fig. 2.30: 1H NMR spectrum of SDSB-7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.31: 1H NMR spectrum of SDSB-8 
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Fig. 2.32: 1H NMR spectrum of SDSB-9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.33: 1H NMR spectrum of SDSB-10 
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Fig. 2.34: 1H NMR spectrum of SDSB-11 
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Table 2.8:   Chemical shifts (ppm) and coupling constants data of SDSB-1 to SDSB-11. 
Code 1H NMR Chemical Shift, ppm {predicted value} 
SDSB-1 
(100 MHz) 
 
1.565 (6H, s, β + γ –CH2-), 2.131-2.340 (10H, d, α -CH2- + h  -CH3), 
6.841-6.882 [2H, d, Ar-H(c), Jca=4.1], 7.107-7.156 [4H, d,  Ar-H(a+b), 
Jac=4.9], 7.474 [6H, s, Ar-H(e+f)], 7.902 [4H, s, Ar-H(d)], 8.377 [2H, 
s, CH=N] 
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α -CH2-], 2.35 [6H, Ar-CH3], 6.9 
[4H, Ar-H(a+b)], 7.1 [2H, Ar-H(c)], 7.29 [6H, Ar-H(e+f)], 7.62 [4H, 
Ar-H(d)], 8.39 [2H, CH=N]} 
SDSB-2 
(300 MHz) 
1.535-1.605 (6H, d, β + γ -CH2-), 2.249-2.359 (10H, d, α -CH2- + h -
CH3), 6.926-6.963 [2H, t, Ar-H(a), Jab=5.6, Jac=5.7], 7.031-7.069[4H, 
t, Ar-H(b+c), Jba=5.1, Jca=6.3], 7.188-7.211 [4H, d, Ar-H(e+f), 
Jef=Jfe=6.9], 7.363-7.409 [4H, d-d, Ar-H(d+g) Jde=6.3, Jgf=6], 8.585 
[2H, s, CH=N],   13.3 [2H, s, -OH] 
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α -CH2-], 2.35 [6H, Ar-CH3], 5.0 
[2H, Ar-OH], 6.76 [2H, Ar-H(d)], 6.85 [2H, Ar-H(f)], 6.9 [4H, Ar-
H(a+b)], 7.1 [2H, Ar-H(c)], 7.12 [2H, Ar-H(e)], 7.45 [2H, Ar-H(g)], 
8.39 [2H, CH=N] } 
SDSB-3 
(100 MHz) 
 
1.543 (6H, s, β + γ  –CH2-), 2.324 (10H, s, α -CH2- + h  –CH3), 3.851 
(6H, s, -OCH3), 6.813-6.853 [2H, d, Ar-H(a), Jac=4.1], 6.984-7.088[4H,  
d, Ar-H(d), Jde=10.4], 7.138-7.239 [4H, d,  Ar-H(e), Jed=10.1], 7.814-
7.857 [4H, d, Ar-H(b+c), Jca= 4.3], 8.290 [2H, s, CH=N] 
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α -CH2-], 2.35 [6H, Ar-CH3], 3.73 
[6H, Ar-OCH3,]  6.80 [4H, Ar-H(d)], 6.9 [4H, Ar-H(a+b)], 7.1 [2H, Ar-
H(c)], 7.51 [4H, Ar-H(e)], 8.39 [2H, CH=N] } 
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SDSB-4 
(300 MHz) 
1.533-1.608 (6H, d, β + γ -CH2-), 2.246-2.361 (10H, d, α -CH2- + h -
CH3), 6.966-6.986 [2H, d, Ar-H(a), Jac=6], 7.168-7.187 [4H, d, Ar-
H(b+c), Jca=5.7], 7.574-7.616 [2H, t, Ar-H(f), Jfe=6.3, Jfg=6.3], 7.702-
7.740 [2H, t, Ar-H(e), Jed=5.7, Jef=5.7], 8.029-8.050 [2H, d, Ar-H(g), 
Jgf=6.3], 8.301-8.321 [2H, d, Ar-H(d), Jde=6], 8.841 [2H, s, CH=N] 
 
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α -CH2-], 2.35 [6H, Ar-CH3], 6.9 
[4H, Ar-H(a+b)], 7.1 [2H, Ar-H(c)], 7.55 [2H, Ar-H(e)], 7.68 [2H, Ar-
H(f)], 7.88 [2H, Ar-H(g)], 8.22 [2H, Ar-H(d)], 8.39 [2H, CH=N]} 
SDSB-5 
(300 MHz) 
1.524-1.609 (6H, d, β + γ –CH2-), 2.276-2.360 (10H, d, α -CH2- + h -
CH3), 6.907-6.927 [2H, d, Ar-H(a), Jac=6], 7.152-7.202 [2H, d, Ar-
H(c), Jca=6.3], 7.202 [2H, s, Ar-H(b)], 7.631-7.671(2H, m, Ar-H(g)], 
8.238-8.257 [2H, d, Ar-H(f), Jfg=Jfe=5.7], 8.299-8.323 [2H, d, Ar-H(e), 
Jef=5.1], 8.450-8.468 [2H, d, Ar-H(d), Jde=5.4], 8.721[2H, s, CH=N] 
 
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α -CH2-], 2.35 [6H, Ar-CH3], 6.9 
[4H, Ar-H(a+b)], 7.1 [2H, Ar-H(c)], 7.55 [2H, Ar-H(f)], 8.01 [2H, Ar-
H(g)], 8.22 [2H, Ar-H(e)], 8.55 [2H, Ar-H(d)], 8.39 [2H, CH=N]} 
 
SDSB-6 
(400 MHz) 
1.3 (6H, s, β + γ –CH2-), 2.3-2.4 (10H, d, α -CH2- + h  -CH3), 6.9-7.1 
(6H, m, Ar-H(a+b+c)], 7.55 [2H, s,  CH=N], 8.070-8.092 (4H, d, Ar-
H(d), Jde=6.6], 8.394-8.416 (4H, d, Ar-H(e), Jed=6.4],  
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α -CH2-],  2.35 [6H, Ar-CH3], 6.9 
[4H, Ar-H(a+b)], 7.1 [2H, Ar-H(c)], 7.88 [4H, Ar-H(d)], 8.22 [4H, Ar-
H(e)], 8.39 [2H, CH=N]} 
SDSB-7 
(100 MHz) 
 
1.561 (6H, s, β + γ –CH2-), 2.314 (10H, s, α -CH2- + h  -CH3), 3.041 
[12H, s, N(CH3)2], 6.713-6.842 [6H, m, Ar-H(a+b+c)], 7.069-7.113 
[4H, d, Ar-H(d), Jde=4.4], 7.745 (4H, d, Ar-H(e) Jed=4.4],  8.231 [1H, s, 
CH=N]   
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α -CH2-], 2.35 [6H, Ar-CH3], 6.62 
[4H, Ar-H(e)], 6.9 [4H, Ar-H(a+b)], 7.1 [2H, Ar-H(c)], 7.44 [4H, Ar-
H(d)], 8.39 [2H, CH=N]} 
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SDSB-8 
(300 MHz) 
1.523-1.614 (6H, d, β + γ –CH2-), 2.231-2.350 (10H, d, α -CH2- + h  -
CH3), 6.912-6.932 [2H, d, Ar-H(a), Jac=6], 7-151-7.191[4H, t, Ar-
H(b+c), Jca=6.3], 7.338-7.433 [6H, m, Ar-H(e+f+g)], 8.259-8.283[2H, 
d,  Ar-H(d), Jde=3.9], 8.842 [2H, s, CH=N]   
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α-CH2-], 2.35 [6H, Ar-CH3], 6.9 
[4H, Ar-H(a+b)], 7.1 [2H, Ar-H(c)], 7.17 [2H, Ar-H(f)], 7.23 [2H, Ar-
H(e)], 7.30 [2H, Ar-H(d)], 7.56 [2H, Ar-H(g)], 8.39 [2H, CH=N]} 
SDSB-9 
(100 MHz) 
 
1.560 (6H  s, β + γ  –CH2-), 2.308-2.356 (10H, d, α -CH2- + h -CH3), 
6.888-6.929 [2H, d, Ar-H(a), Jac=4.1], 7.133 [4H, s, Ar-H(b+c)], 7.353 
[2H, s, Ar-H(f)], 7.395 [4H, s, Ar-H(e+g)], 8.237-8.282 (2H, d, Ar-
H(d) Jde=4.5],  8.823 [2H, s, CH=N] 
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α -CH2-], 2.35 [6H, Ar-CH3], 6.9 
[4H, Ar-H(a+b)], 7.1 [2H, Ar-H(c)], 7.23 [2H, Ar-H(f)], 7.30 [2H, Ar-
H(e)], 7.50 [2H, Ar-H(g)], 7.63 [2H, Ar-H(d)] 8.39 [2H, CH=N]} 
SDSB-10 
(400 MHz) 
1.490-1.589 (6H, d, β + γ –CH2-), 2.248-2.355 (10H, d, α -CH2- + h  -
CH3), 6.848-6.869 [2H, d, Ar-H(a), Jac=8.2], 7.019-7.032 [2H, d, Ar-
H(c), Jca=6], 7.105-7.130 [2H, d, Ar-H(b), Jba=2.1], 7.415-7.441 [4H, 
d, Ar-H(d), Jde=10.4], 7.816-7.838 [4H, d, Ar-H(e), Jed=8.8], 8.323-
8.336 (2H, s, CH=N)   
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α -CH2-], 2.35 [6H, Ar-CH3], 6.9 
[4H, Ar-H(a+b)], 7.1 [2H, Ar-H(c)], 7.30 [4H, Ar-H(e)], 7.56 [4H, Ar-
H(d)], 8.39 [2H, CH=N]} 
SDSB-11 
(400 MHz) 
1.473-1.593 (6H, d, β + γ –CH2-), 2.273-2.344 (10H, d, α -CH2- + h  -
CH3), 6.845-6.866 [2H,  d, Ar-H(c), Jca=8.3] 7.109-7.135 [2H, d-d, Ar-
H(a), Jac=6.4, Jab=1.8], 7.165 [2H, s, Ar-H(b)], 7.307-7.346 [2H, t, Ar-
H(f), Jfe=7.8, Jfg=7.8], 7.566-7.596 [2H, d, Ar-H(g), Jgf=12.0], 7.767-
7.792 [2H, d, Ar-H(e), Jed=Jef=10.0], 8.073 [2H, s, Ar-H(d)], 8.312 
[2H, s, CH=N] 
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α-CH2-], 2.35 [6H, Ar-CH3], 6.9 
[4H, Ar-H(a+b)], 7.1 [2H, Ar-H(c)], 7.18 [2H, Ar-H(e)], 7.23 [2H, Ar-
H(f)], 7.46 [2H, Ar-H(d)], 7.51[2H, Ar-H(g)], 8.39 [2H, CH=N]} 
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Fig. 2.35: 13C NMR spectrum of SDSB-2 
 
Table 2.9: 13C NMR chemical shifts of SDSB-2 
Code 13C NMR Chemical shift {predicted value} 
 
SDSB-2 18.91(C1), 23.71 (C2), 27.16 (C3), 38.01 (C4), 46.29 (C5), 105.88 (C6), 114.78 
(C7), 117.96 (C8), 126.16 (C9), 129.72 (C10+11), 130.49 (C12), 130.92 (C13), 
132.19 (C14), 146.59 (C15), 149.18 (C16), 158.66 (C17), 162.67 (C18) 
 
{12.6 (C1), 21.9 (C2), 27.7 (C3), 39.7 (C4), 40.3 (C5), 115.8 (C6) 118.4 (C7), 
121.2 (C8), 122.4 (C9), 126.7 (C10), 130.4 (C11+12), 131.7 (C13), 132.2 (C14), 
141.4 (C15), 151.4 (C16), 157.8 (C17), 163.4 (C18)} 
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Mass spectral analysis 
 Mass spectra of Schiff bases were scanned on a Shimadzu GC-MS-QP 2010 
spectrometer by using EI (0.7 kV) detector. The ion source temperature was 220oC and 
interface temperature was 240oC. Though molecular ion peak is low in abundance but it 
gives valuable information about identification of the compound. Molecular ion further 
undergoes into various fragments, which are very useful in establishing the structure. 
Mass spectra of SDSB-1 to SDSB-11 are shown in Figs. 2.36 to 2.46. Important mass 
spectral fragments of SDSB-1 to SDSB-11 are recorded in Table-2.10. An attempt has 
been made to assign each fragments mentioned in Table-2.11, through Scheme-2.2. 
Fragmentation of the compound is a complex process and involves a variety of reactions 
namely ionization, decomposition, branching, cross linking, rearrangement, 
recombination, etc. Upon loss of electron results into a molecular ion (M+), while loss of 
azomethine proton results into (M-1)+ ion peak, which further undergoes into 
fragmentation (Scheme-2.2) and ultimately converted into low molecular mass 
substances.  
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Fig.2.36: Mass spectrum of SDSB-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2.37: Mass spectrum of SDSB-2 
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Fig.2.38: Mass spectrum of SDSB-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2.39: Mass spectrum of SDSB-4 
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Fig.2.40: Mass spectrum of SDSB-5 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Fig.2.41: Mass spectrum of SDSB-6 
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Fig.2.42: Mass spectrum of SDSB-7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2.43: Mass spectrum of SDSB-8 
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Fig.2.44: Mass spectrum of SDSB-9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2.45: Mass spectrum of SDSB-10 
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Fig.2.46: Mass spectrum of SDSB-11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Spectral…   128
 
Table 2.10:    Important mass spectral fragments of SDSB-1 to SDSB- 11 
Code m/e 
SDSB-1 471, 470, 427, 401, 366, 323, 308, 323, 220, 208, 194, 168, 129, 115, 
104, 91, 77 
SDSB-2 504, 503, 502, 487, 459, 442, 433, 383, 339, 292, 251, 224, 209, 191, 
176, 143, 129, 115, 107, 91, 77 
SDSB-3 532, 531, 530, 487, 461, 396, 379, 353, 262, 238, 223, 121, 91, 77 
 
SDSB-4 562, 561, 560, 543, 518, 517, 491, 427, 411, 382, 253, 218, 206, 192, 
120, 104, 91, 77 
SDSB-5 562, 561, 560, 543, 518, 517, 491, 427, 411, 384, 253, 218, 206, 192, 
120, 104, 91, 77 
SDSB-6 562, 561, 560, 545, 518, 517, 491, 411, 368, 277, 253, 239, 219, 207, 
191, 171, 129, 115, 105, 91, 77 
SDSB-7 557, 556, 541, 527, 513, 487, 425, 392, 366, 278, 251, 236, 147, 134, 
122, 107, 91, 77 
SDSB-8 540, 539, 538, 495, 469, 400, 357, 266, 254, 242, 228, 219, 206, 193, 
129, 115, 105, 91, 77 
SDSB-9 540, 539, 538, 495, 469, 400,  357, 266, 254, 242, 228, 219, 206, 193, 
129, 115, 105, 91, 77 
SDSB-10 540, 539, 538, 495, 469, 400, 357, 266, 254, 242, 228, 219, 206, 193, 
129, 115, 105, 91, 77 
SDSB-11 628,627,585,583,445,403,192,176,115,107,91,77 
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Table 2.11: Molecular ion (M+), (M-1)+ peaks and some important fragments of SDSB-1 
to SDSB-11 
Code M+ (M-1)+ F-1 F-2 F-3 F-4 F-5 F-6 F-7 
SDSB-1 470 469 427 104 366 323 91 77 192 
SDSB-2 502 501 459 120 382 339 91 77 192 
SDSB-3 530 529 487 134 396 353 91 77 192 
     SDSB-4 560 559 517 149 411 368 91 77 192 
     SDSB-5 560 559 517 149 411 368 91 77 192 
SDSB-6 560 559 517 149 411 368 91 77 192 
SDSB-7 556 555 513 147 409 366 91 77 192 
SDSB-8 538 537 496 138 400 357 91 77 192 
SDSB-9 538 537 496 138 400 357 91 77 192 
 SDSB-10 538 537 496 138 400 357 91 77 192 
SDSB-11 628 627 585 183 445 403 91 77 192 
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Section: 5  Thermal analysis 
          This chapter of the thesis describes the thermal analysis of Schiff bases.  
Yi et. al [63] have reported the thermal stabilities of the polyimides derived 
from 1,1-bis(4-aminophenyl)cyclohexane PMDA,BTDA and HFDA.  
The thermal stabilities of polyamides were evaluated by thermogravimetry 
analysis (TGA) as well as differential scanning calorimetry (DSC) under nitrogen 
atmosphere. These polyimides exhibited excellent thermal stabilities, They are stable 
up to 500 0C   and the residual weight at 800 0C were above 30%.  
The glass transition temperatures (Tgs) measured by DSC ranged from 290 - 
372 0C. They have found that the Tgs were increased with number of methyl 
substituents in 1,1-bis(4-aminophenyl)cyclohexane because of the increasing 
restriction on the main chain rotation motion. 
Patel et al. [64] have reported thermal study of Schiff base and its metal 
complexes derived from terephthalaldehyde and o-amino phenol with various metal 
ions. They have reported that all chelates show a loss in weight corresponding to two 
water molecules in the range of 150 to 180 0C.  
Above 1800C the compounds started losing mass with partial evaporation of 
the Schiff base. In the temperature range of 180 to 4500C, the Schiff base molecules 
are lost. In all the cases the final products are metal oxides. 
 
 
 
63. M. H. Yi, W. Huang, M. Y. Jin, K. Y. Choi “Synthesis and characterization of 
soluble polyimides from 1,1-bis(4-aminophenyl)cyclohexane derivatives”, 
Macromolecules, 30, 5606-5611, 1997. 
64. N. H. Patel, K. M. Patel, K. N. Patel, M. N. Patel, “Coordination chain 
polymers of some transition metals with Schiff base”, Synth. React. Inorg. 
Met-Org. Chem., 31, 1031-1039, 2001.  
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Bi and Fan [65] have reported thermal study of Schiff base complexes, 
unsymmetric tetradentate Schiff base ligand was synthesized using 5-chloro 2-
hydroxy benzophenone, o-phenylene diamine and salicylaldehyde. Five metal 
complexes of this ligand ML xH2O [M=Cu(II), Ni(II), Zn(II), Mn(II) and Co(II)] have 
been prepared. The DTA-TG curves of the complexes shown that Cu(II) complex 
gave a one stage decomposition pattern, which was correspond to the loss of the 
ligand molecule. The other complexes decomposed in two steps. The first 
decomposition step correspond to the loss of water molecule. The second step 
correspond to the loss of ligand molecule. They have suggested that the water 
molecule lost at low temperature because water is crystal water. In all cases, the final 
products were metal oxides. The total weight loss is in agreement with the 
composition of the complexes. 
          Patel et. al [66] have reported thermogravimetry analysis of lanthanide 
coordination polymers with the Schiff base N,N’-di (o-hydroxyphenyl) 
terephthalaldehyde. The weight loss measured from ambient temperature to 8000C at 
a rate of 100C/min in N2 atmosphere. It has been observed that in the range of 35-
1050C, the loss in weight for all coordinating polymers correspond to two lattice water 
molecules because of the low temperature of this molecule. The TG curves indicated 
that in the temperature range 350-4000C the compound to lost of nitrate ion and in the 
temperature range 400-8000C the Schiff base molecules are lost. The composition of 
the final product was determined by the observed weight loss in thermo gravimetric 
analysis.   
 
 
65.   C. Bi, Y. Fan, “Synthesis and characterization of metal  complexes with 
unsymmetric tetradentate schiff base ligand”, Synth. React. Inorg. Met-Org. 
Chem., 34, 687-695, 2004.  
66 N. H. Patel, P. K. Panchal, M. N. Patel, “Synthesis and characterization of 
coordination polymers of trivalent lanthanides with a Schiff base”, Synth. 
React. Inorg. Met. Org. Nano metal Chem. 35, 107-110, 2005.    
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 The thermal studies throw light on molecular architecture of compounds, such 
as degree of polymerization, orientation, crystal perfection, percentage crystallinity, 
the extent of chain branching, strength of various bonds holding together molecules, 
on the kinetic of degradation, the effects of time, temperature, pressure, etc. and on 
the rates and products of degradation. 
 DSC thermograms of SDSB-1 to SDSB-11 at the heating rate of 100C/min in 
nitrogen atmosphere are presented in Figs. 2.47 to 2.57. DSC transitions and heat of 
transition ∆H for SDSB-1 to SDSB-11 are reported in Table 2.26. Entropy of 
transition derived from DSC data for all compounds is also incorporated in Table 2.26 
from which it is evident that the nature of the substituent has influenced the transition 
temperature and thermodynamic properties, i.e. ∆H and ∆S. Hydroxy substituent 
(SDSB-2) has lowered transition temperature considerably, while little effect is 
observed in case of methoxy substituent (SDSB-3).  It is interesting to note that meta 
substituent (SDSB-5, SDSB-9 and SDSB-11) caused considerable lowering in 
transition temperature, while para substituent (SDSB-6, SDSB-7 and SDSB-10) 
caused substantial increase in transition temperature. Ortho effect (SDSB-4 and 
SDSB-8) is not pronounced as that of para effect. It is observed that no correlation 
between ∆H and ∆S is observed probably due to conformational changes at the 
transition temperature. The nature and position of substituent both affected DSC 
transitions, ∆H and ∆S values. 
 TG thermograms at the heating rate of 100C /min in nitrogen atmosphere are  
shown in Figs. 2.58 to 2.68 from which it is evident that schiff’s bases are thermally 
stable up to about 173-2720C and followed either a single step degradation (SDSB-1, 
SDSB-3, SDSB-7 to SDSB-10) or two steps degradation (SDSB-2, SDSB-4 to SDSB-
6 and SDSB-11). Various thermal parameters such as To, T10, Tf , Tmax, decomposition 
range, % weight loss involved and % residue left at the end of  the reaction are 
reported in Table 2.13 from which it is clear that the nature and position of the 
substituent has affected thermal stability as well as other parameters. Thus, thermal 
behavior of schiff’s bases depends upon structure including nature of the substituent 
present. Different substituents caused either lowering or increase in thermal stability 
to some extent. Kinetic parameters such as energy of activation (Ea), order of reaction 
(n), frequency factor (A) and entropy change (∆S*) for all the compounds was  
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determined according to Anderson-Freeman method. Detailed calculation schemes are 
summarized in Tables 2.14 to 2.24. The plots of ∆ln (dw/dt) Vs ∆lnW are shown in 
Figs. 2.69 to 2.75. 
 The least square values of above mentioned parameters along with regression 
coefficients (R2) are reported in Table 2.25 from which it is clear that schiff’s bases 
either followed integral or fractional order degradation kinetics.  
 Different magnitudes of Ea and n indicated that degradation mechanism is 
different for different compounds. In accordance with theory higher is the value of Ea 
higher is the value of A. Thus, the values of Ea and A reflect the rigidity of the 
molecules. Rigid is the molecule higher is the values of Ea and A. The entropy change 
was calculated at corresponding Tmax. The large and positive magnitudes of ∆S* 
suggested that transition state is less orderly arranged state than those of individual 
molecules, while large and negative magnitudes of ∆S* suggested that the transition 
state is more orderly arranged state. 
 The degradation of the compounds is a complex process, which involves a 
variety of reactions such as cleavage, rearrangement, cross-linking, etc. azomethine 
and side substituents in the schiff’s bases are weak linkages and selective degradation 
takes place from such weak points and radicals forms, which further recombine to 
form new compound that degrades at elevated temperature. High residue (~ 22-62%) 
above 4000C confirmed formation of cross-linked or highly thermally stable 
compounds. From the observed fact it is concluded that thermal behavior of the 
schiff’s bases affected both the nature and position of the substituents. Schiff’s bases 
followed either fractional order or integral order of the degradation supporting 
different degradation mechanism. 
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Fig. 2.47: DSC thermogram of SDSB-1 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.48: DSC thermogram of SDSB-2 at heating rate of 100C/min in an N2 
atmosphere 
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Fig. 2.49: DSC thermogram of SDSB-3 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.50: DSC thermogram of SDSB-4 at heating rate of 100C/min in an N2 
atmosphere 
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Fig. 2.51: DSC thermogram of SDSB-5 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.52: DSC thermogram of SDSB-6 at heating rate of 100C/min in an N2 
atmosphere 
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Fig. 2.53: DSC thermogram of SDSB-7 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.54: DSC thermogram of SDSB-8 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
Thermal…   139
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.55: DSC thermogram of SDSB-9 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.56: DSC thermogram of SDSB-10 at heating rate of 100C/min in an N2 
atmosphere 
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Fig. 2.57: DSC thermogram of SDSB-11 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.58: TG thermogram of SDSB-1 at heating rate of 100C/min in an N2 
atmosphere 
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Fig. 2.59: TG thermogram of SDSB-2 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.60: TG thermogram of SDSB-3 at heating rate of 100C/min in an N2 
atmosphere 
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Fig. 2.61: TG thermogram of SDSB-4 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.62: TG thermogram of SDSB-5 at heating rate of 100C/min in an N2 
atmosphere 
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Fig. 2.63: TG thermogram of SDSB-6 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.64: TG thermogram of SDSB-7 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
Thermal…   144
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.65: TG thermogram of SDSB-8 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.66: TG thermogram of SDSB-9 at heating rate of 100C/min in an N2 
atmosphere 
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Fig. 2.67: TG thermogram of SDSB-10 at heating rate of 100C/min in an N2 
atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.68: TG thermogram of SDSB-11 at heating rate of 100C/min in an N2 
atmosphere 
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Table 2.12:  DSC data of SDSB-1 to SDSB-11 
Code 
Peak temp., 0C 
(Endo) 
Heat of 
transition ∆H, 
1
∆H, kJmol-1
Entropy of 
transition ∆S, 
1 1
SDSB-1 
115.79 
 
50.68 23.82 61.24 
SDSB-2 
58.74,  
125.99 
1.31 
5.51 
0.66 
2.77 
1.08 
6.93 
SDSB-3 106.95 46.85 24.83 65.33 
SDSB-4 
 
134.37 40.64 22.76 55.85 
SDSB-5 86.49 3.37 1.89 5.25 
SDSB-6 
190.35 
196.03 
7.46 
15.79 
4.18 
8.84 
9.01 
18.85 
SDSB-7 209.91 64.86 36.06 74.65 
SDSB-8 135.31 50.21 27.06 66.26 
SDSB-9 
106.43 
171.11 
3.79 
53.14 
2.04 
28.64 
5.38 
64.47 
SDSB-10 174.82 72.14 38.88 86.80 
SDSB-11 83.65 14.05 8.82 24.73 
 
 
 
 
 
 
 
 
Thermal…   147
                                         
Table 2.13:  TGA data of SDSB-1 to SDSB-11 
Code T0,0C T10,0C Tf,0C Tmax,0C 
Decom. 
Range, 0C 
% 
Wt.loss 
% 
Residue 
SDSB-1 218 279 381 329 218-382 48.24 5.82 
SDSB-2 
 
237 
369 
279 
327 
475 
294 
439 
237-372 
369-475 
20.74 
63.12 
28.0 
SDSB-3 261 309 430 347 261-430 38.74 21.48 
SDSB-4 
200 
350 
236 
289 
500 
240 
431 
200-289 
350-500 
10.91 
31.86 
46.96 
SDSB-5 
209 
376 
237 
318 
500 
282 
437 
209-318 
376-500 
13.99 
45.66 
54.34 
SDSB-6 
213 
372 
286 
318 
500 
287 
438 
213-318 
372-500 
9.98 
27.67 
61.65 
SDSB-7 272 333 443 379 272-443 45.78 12.98 
SDSB-8 199 254 430 350 199-430 50.29 12.32 
SDSB-9 252 300 422 343 252-422 42.81 57.19 
SDSB-10 253 289 386 330 253-386 36.80 26.05 
SDSB-11 
173 
336 
225 
279 
479 
236 
360 
173-279 
336-479 
10.35 
29.04 
37.29 
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Table 2.14: Calculation scheme for SDSB-1 by Anderson-Freeman method 
 
1000/T 
% 
wt.loss W lnW dw/dt lndw/dt ∆lnW ∆lndw/dt 
1.64 59.08 33.79 3.52 1.189 0.173 -0.15 -0.02 
1.65 53.638 39.232 3.669 1.217 0.196 -0.12 -0 
1.66 48.419 44.451 3.794 1.222 0.2 -0.1 0.014 
1.67 43.514 49.356 3.899 1.205 0.186 -0.09 0.033 
1.68 38.991 53.879 3.987 1.166 0.154 -0.07 0.051 
1.69 34.901 57.969 4.06 1.108 0.103 -0.06 0.069 
1.7 31.273 61.597 4.121 1.034 0.033 -0.05 0.089 
1.71 28.118 64.752 4.171 0.946 -0.06 -0.04 0.111 
1.72 25.423 67.447 4.211 0.847 -0.17 -0.03 0.13 
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Table 2.15: Calculation scheme for SDSB-2 by Anderson-Freeman method  
 
1000/T 
% 
wt.loss W lnW dw/dt lndw/dt ∆lnW ∆lndw/dt 
Step-1 
1.7 34.744 3.466 1.243 0.4 -0.92 -0.71 -0.4 
1.72 31.154 7.056 1.954 0.596 -0.52 -0.47 -0.2 
1.74 26.964 11.246 2.42 0.725 -0.32 -0.33 -0.05 
1.76 22.572 15.638 2.75 0.764 -0.27 -0.24 0.066 
1.78 18.317 19.893 2.99 0.715 -0.34 -0.18 0.175 
1.8 14.453 23.757 3.168 0.6 -0.51 -0.13 0.288 
1.82 11.177 27.033 3.297 0.45 -0.8 -0.09 0.402 
Step-2 
1.36 69.735 0.775 -0.25 0.069 -2.674 -0.444 -0.502 
1.37 69.302 1.208 0.189 0.114 -2.172 -0.726 -0.797 
1.38 68.014 2.496 0.915 0.253 -1.374 -0.557 -0.44 
1.39 66.155 4.355 1.471 0.393 -0.934 -0.404 -0.19 
1.4 63.99 6.52 1.875 0.475 -0.744 -0.293 0.017 
1.41 61.766 8.744 2.168 0.467 -0.761 -0.211 0.2248 
1.42 59.707 10.803 2.38 0.373 -0.986 -0.145 0.4748 
1.43 58.021 12.489 2.525 0.232 -1.461 -0.086 0.6761 
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Table 2.16: Calculation scheme for SDSB-3 by Anderson-Freeman method 
 
1000/T 
% 
wt.loss W lnW dw/dt lndw/dt ∆lnW 
∆lndw/dt
1.62 44.688 35.102 3.558 1.405 0.34 -0.135 0.0136 
1.63 39.6 40.19 3.694 1.386 0.3264 -0.114 0.0495 
1.64 34.767 45.023 3.807 1.319 0.2769 -0.095 0.0854 
1.65 30.285 49.505 3.902 1.211 0.1914 -0.079 0.1182 
1.66 26.223 53.567 3.981 1.076 0.0733 -0.065 0.1534 
1.67 22.628 57.162 4.046 0.923 -0.08 -0.053 0.1878 
1.68 19.527 60.263 4.099 0.765 -0.268 -0.042 0.2166 
1.69 16.923 62.867 4.141 0.616 -0.485 -0.033 0.235 
1.7 14.806 64.984 4.174 0.487 -0.719 -0.025 0.2324 
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Table 2.17: Calculation scheme for SDSB-4 by Anderson-Freeman method 
 
 
Step-1 
1000/T 
% 
wt.loss W lnW dw/dt lndw/dt ∆lnW ∆lndw/dt
1.92 15.354 5.906 1.776 0.471 -0.753 -0.195 -0.072 
1.93 14.085 7.175 1.971 0.506 -0.681 -0.166 -0.035 
1.94 12.789 8.471 2.137 0.524 -0.646 -0.142 -0.002 
1.95 11.494 9.766 2.279 0.525 -0.644 -0.122 0.027 
1.96 10.224 11.036 2.401 0.511 -0.671 -0.105 0.0564 
1.97 9.003 12.257 2.506 0.483 -0.728 -0.09 0.0887 
1.98 7.851 13.409 2.596 0.442 -0.816 -0.076 0.1175 
1.99 6.789 14.471 2.672 0.393 -0.934 -0.064 0.1508 
2 5.836 15.424 2.736 0.338 -1.085 -0.052 0.1847 
2.01 5.008 16.252 2.788 0.281 -1.269 -0.041 0.2178 
2.02 4.32 16.94 2.83 0.226 -1.487 -0.031 0.2388 
Step-2 
1.35 49.768 3.172 1.154 0.193 -1.645 -0.339 -0.193 
1.36 48.489 4.451 1.493 0.234 -1.452 -0.279 -0.154 
1.37 47.056 5.884 1.772 0.273 -1.298 -0.234 -0.117 
1.38 45.501 7.439 2.007 0.307 -1.181 -0.2 -0.087 
1.39 43.853 9.087 2.207 0.335 -1.094 -0.173 -0.052 
1.4 42.14 10.8 2.38 0.353 -1.041 -0.15 -0.044 
1.41 40.39 12.55 2.53 0.369 -0.997 -0.131 -0.008 
1.42 38.63 14.31 2.661 0.372 -0.989 -0.115 0.0108 
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Table 2.18: Calculation scheme for SDSB-5 by Anderson-Freeman method 
Step-1 
1000/T 
% 
wt.loss W lnW dw/dt lndw/dt ∆lnW ∆lndw/dt 
1.78 16.261 6.459 1.865 0.379 -0.97 -0.137 -0.086 
1.79 15.311 7.409 2.003 0.413 -0.884 -0.136 -0.044 
1.8 14.229 8.491 2.139 0.4314 -0.841 -0.131 0.0005 
1.81 13.04 9.68 2.27 0.4312 -0.841 -0.122 0.048 
1.82 11.781 10.939 2.392 0.411 -0.889 -0.111 0.097 
1.83 10.501 12.219 2.503 0.373 -0.986 -0.097 0.1533 
1.84 9.26 13.46 2.6 0.32 -1.139 -0.08 0.2271 
1.85 8.132 14.588 2.68 0.255 -1.366 -0.062 0.3048 
1.86 7.203 15.517 2.742 0.188 -1.671 -0.04 0.3766 
Step-2  
1.35 43.566 3.474 1.245 0.186 -1.682 -0.279 -0.199 
1.36 42.448 4.592 1.524 0.227 -1.483 -0.25 -0.128 
1.37 41.143 5.897 1.774 0.258 -1.355 -0.219 -0.089 
1.38 39.702 7.338 1.993 0.282 -1.266 -0.189 -0.052 
1.39 38.174 8.866 2.182 0.297 -1.214 -0.163 -0.027 
1.4 36.601 10.439 2.346 0.305 -1.187 -0.141 -0.007 
1.41 35.024 12.016 2.486 0.307 -1.181 -0.121 0.0131 
1.42 33.474 13.566 2.608 0.303 -1.194 -0.104 0.0336 
1.43 31.981 15.059 2.712 0.293 -1.228 -0.09 0.0454 
1.44 30.568 16.472 2.802 0.28 -1.273 -0.077 0.0626 
1.45 29.256 17.784 2.878 0.263 -1.336 -0.065 0.0832 
1.46 28.059 18.981 2.943 0.242 -1.419 -0.055 0.0953 
1.47 26.986 20.054 2.998 0.22 -1.514 -0.046 0.1155 
1.48 26.044 20.996 3.044 0.196 -1.63 -0.038 0.1365 
1.49 25.231 21.809 3.082 0.171 -1.766 -0.031 0.1581 
1.5 24.544 22.496 3.113 0.146 -1.924 -0.027 0.1714 
1.51 23.937 23.103 3.14 0.123 -2.096 -0.018 0.1872 
1.52 23.506 23.534 3.158 0.102 -2.283 -0.016 0.2061 
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Table 2.19: Calculation scheme for SDSB-6 by Anderson-Freeman method 
 
Step-1 
1000/T 
% 
wt.loss W lnW dw/dt lndw/dt ∆lnW ∆lndw/dt 
1.75 13.136 2.154 0.767 0.217 -1.528 -0.314 -0.169 
1.76 12.341 2.949 1.081 0.257 -1.359 -0.269 -0.093 
1.77 11.43 3.86 1.351 0.282 -1.266 -0.223 -0.046 
1.78 10.466 4.824 1.574 0.2952 -1.22 -0.182 0.0003 
1.79 9.503 5.787 1.756 0.2951 -1.22 -0.148 0.0383 
1.8 8.582 6.708 1.903 0.284 -1.259 -0.119 0.073 
1.81 7.734 7.556 2.022 0.264 -1.332 -0.095 0.1079 
1.82 6.979 8.311 2.118 0.237 -1.44 -0.074 0.1353 
1.83 6.342 8.948 2.191 0.207 -1.575 -0.062 0.1566 
Step-2 
1.34 35.436 2.904 1.066 0.17 -1.772 -0.3 -0.101 
1.35 34.419 3.921 1.366 0.188 -1.671 -0.248 -0.077 
1.36 33.317 5.023 1.614 0.203 -1.595 -0.208 -0.062 
1.37 32.154 6.186 1.822 0.216 -1.532 -0.178 -0.041 
1.38 30.951 7.389 2 0.225 -1.492 -0.153 -0.026 
1.39 29.73 8.61 2.153 0.231 -1.465 -0.133 -0.013 
1.4 28.508 9.832 2.286 0.234 -1.452 -0.116 0 
1.41 27.303 11.037 2.401 0.234 -1.452 -0.101 0.0129 
1.42 26.129 12.211 2.502 0.231 -1.465 -0.089 0.0263 
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Table 2.20: Calculation scheme for SDSB-7 by Anderson-Freeman method 
 
1000/T 
% 
wt.loss W lnW dw/dt lndw/dt ∆lnW ∆lndw/dt 
1.5 61.49 22.53 3.115 1.003 0.003 -0.191 -0.072 
1.51 56.75 27.27 3.306 1.078 0.0751 -0.163 -0.048 
1.52 51.917 32.103 3.469 1.131 0.1231 -0.14 -0.025 
1.53 47.082 36.938 3.609 1.16 0.1484 -0.121 -0.004 
1.54 42.323 41.697 3.73 1.165 0.1527 -0.105 0.0173 
1.55 37.712 46.308 3.835 1.145 0.1354 -0.091 0.0392 
1.56 33.313 50.707 3.926 1.101 0.0962 -0.078 0.0618 
1.57 29.178 54.842 4.004 1.035 0.0344 -0.067 0.0867 
1.58 25.352 58.668 4.072 0.949 -0.052 -0.058 0.1137 
 
Table 2.21: Calculation scheme for SDSB-8 by Anderson-Freeman method 
 
1000/T 
% 
wt.loss W lnW dw/dt lndw/dt ∆lnW ∆lndw/dt 
1.59 64.13 4.37 1.475 0.4 -0.916 -0.42 -0.422 
1.6 61.85 6.65 1.895 0.61 -0.494 -0.374 -0.296 
1.61 58.83 9.67 2.269 0.82 -0.198 -0.319 -0.218 
1.62 55.19 13.31 2.589 1.02 0.0198 -0.269 -0.146 
1.63 51.08 17.42 2.858 1.18 0.1655 -0.227 -0.097 
1.64 46.63 21.87 3.085 1.3 0.2624 -0.193 -0.038 
1.65 41.98 26.52 3.278 1.35 0.3001 -0.164 0 
1.66 37.26 31.24 3.442 1.35 0.3001 -0.138 0.0532 
1.67 32.62 35.88 3.58 1.28 0.2469 -0.116 0.0984 
1.68 28.19 40.31 3.697 1.16 0.1484 -0.096 0.1585 
1.69 24.13 44.37 3.793 0.99 -0.01 -0.078 0.2131 
1.7 20.54 47.96 3.87 0.8 -0.223 -0.06 0.2877 
1.71 17.59 50.91 3.93 0.6 -0.511 -0.042 0.3102 
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Table 2.22: Calculation scheme for SDSB-9 by Anderson-Freeman method 
1000/T 
% 
wt.loss W lnW dw/dt lndw/dt ∆lnW ∆lndw/dt 
1.57 68.799 10.991 2.397 0.746 -0.293 -0.311 -0.248 
1.58 64.791 14.999 2.708 0.956 -0.045 -0.269 -0.176 
1.59 60.155 19.635 2.977 1.14 0.131 -0.228 -0.117 
1.6 55.127 24.663 3.205 1.281 0.2476 -0.192 -0.067 
1.61 49.913 29.877 3.397 1.37 0.3148 -0.161 -0.025 
1.62 44.688 35.102 3.558 1.405 0.34 -0.135 0.0136 
1.63 39.6 40.19 3.694 1.386 0.3264 -0.114 0.0495 
1.64 34.767 45.023 3.807 1.319 0.2769 -0.095 0.0854 
1.65 30.285 49.505 3.902 1.211 0.1914 -0.079 0.1182 
1.66 26.223 53.567 3.981 1.076 0.0733 -0.065 0.1534 
1.67 22.628 57.162 4.046 0.923 -0.08 -0.053 0.1878 
1.68 19.527 60.263 4.099 0.765 -0.268 -0.042 0.2166 
1.69 16.923 62.867 4.141 0.616 -0.485 -0.033 0.235 
1.7 14.806 64.984 4.174 0.487 -0.719 -0.025 0.2324 
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Table 2.23: Calculation scheme for SDSB-10 by Anderson-Freeman method 
 
1000/T 
% 
wt.loss W lnW dw/dt lndw/dt ∆lnW ∆lndw/dt 
1.51 79.89 5.53 1.71 0.368 -1 -0.316 -0.212 
1.52 77.833 7.587 2.026 0.455 -0.787 -0.285 -0.179 
1.53 75.331 10.089 2.311 0.544 -0.609 -0.25 -0.147 
1.54 72.467 12.953 2.561 0.63 -0.462 -0.218 -0.122 
1.55 69.319 16.101 2.779 0.712 -0.34 -0.19 -0.099 
1.56 65.959 19.461 2.968 0.786 -0.241 -0.166 -0.078 
1.57 62.453 22.967 3.134 0.85 -0.163 -0.145 -0.06 
1.58 58.861 26.559 3.279 0.903 -0.102 -0.128 -0.04 
1.59 55.237 30.183 3.407 0.94 -0.062 -0.113 -0.023 
1.6 51.629 33.791 3.52 0.962 -0.039 -0.1 -0.004 
1.61 48.079 37.341 3.62 0.966 -0.035 -0.088 0.0135 
1.62 44.625 40.795 3.709 0.953 -0.048 -0.078 0.0331 
1.63 41.295 44.125 3.787 0.922 -0.081 -0.07 0.0535 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Thermal…   157
 
Table 2.24: Calculation scheme for SDSB-11 by Anderson-Freeman method 
 
Step-1 
1000/T 
% 
wt.loss W lnW dw/dt lndw/dt ∆lnW ∆lndw/dt 
1.9 14.951 3.549 1.267 0.167 -1.79 -0.317 -0.064 
1.92 13.626 4.874 1.584 0.178 -1.726 -0.245 -0.039 
1.94 12.274 6.226 1.829 0.185 -1.687 -0.192 -0.005 
1.96 10.956 7.544 2.021 0.186 -1.682 -0.152 0.0108 
1.98 9.721 8.779 2.172 0.184 -1.693 -0.12 0.0275 
2 8.604 9.896 2.292 0.179 -1.72 -0.095 0.0516 
2.02 7.62 10.88 2.387 0.17 -1.772 -0.071 0.0606 
2.04 6.818 11.682 2.458 0.16 -1.833 -0.054 0.078 
Step-2 
1.34 60.936 0.984 -0.02 0.101 -2.293 -0.94 -0.521 
1.36 59.4 2.52 0.924 0.17 -1.772 -0.628 -0.32 
1.38 57.199 4.721 1.552 0.234 -1.452 -0.445 -0.183 
1.4 54.55 7.37 1.997 0.281 -1.269 -0.335 -0.095 
1.42 51.619 10.301 2.332 0.309 -1.174 -0.26 -0.032 
1.44 48.565 13.355 2.592 0.319 -1.143 -0.207 -0.003 
1.46 45.499 16.421 2.799 0.32 -1.139 -0.168 0.0221 
1.48 42.503 19.417 2.966 0.313 -1.162 -0.138 0.0096 
1.5 39.628 22.292 3.104 0.31 -1.171 -0.116 -0.003 
1.52 36.892 25.028 3.22 0.311 -1.168 -0.099 -0.025 
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Fig. 2.69: The Anderson-Freeman plots of SDSB-1 and SDSB-2 
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Fig. 2.70: The Anderson-Freeman plots of SDSB-3 and SDSB-4 
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Fig. 2.71: The Anderson-Freeman plots of SDSB-5 
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Fig. 2.72: The Anderson-Freeman plots of SDSB-6 
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Fig. 2.73: The Anderson-Freeman plots of SDSB-7 and SDSB-8 
 
 
 
 
 
 
 
 
 
 
 
 
Thermal…   163
 
 
 
SDSB-9y = 1.7016x + 0.2661
R 0.2 = 0.9881
-0.3
-0.2
-0.1
0
0.1
2
0.3
-0.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0
∆ln W
∆l
n 
(d
w
/d
t)
 
 
  
 
 
 
 
 
 
 
 
SDSB-10
y = 1.8142x + 0.3412
R2 = 0.9781
-0.5
0
0.5
-0.5 -0.4 -0.3 -0.2 -0.1 0
∆ln W
∆l
n
(d
w
/d
t)
 
   
 
 
 
 
 
 
 
 
Fig. 2.74: The Anderson-Freeman plots of SDSB-9 and SDSB-10 
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Fig. 2.75: The Anderson-Freeman plots of SDSB-11 
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Table 2.25: The kinetic parameters of SDSB-1 to SDSB-11 derived according to 
Anderson-Freeman method 
Code n Ea, kJ A, S-1 ∆S* Jdeg-1 R2
SDSB-1 0.78 0.84 9.80 x104 -155.21 0.973 
SDSB-2 
1.24 
2.28 
1.75 
6.24 
3.07 x1015
1.14 x1073
46.85 
1150.7 
0.951 
0.945 
SDSB-3 5.26 3.92 2.12 x10 31 348.72 0.957 
SDSB-4 
 
1.93 
0.95 
2.31 
0.96 
5.92 x1021
4.76 x104
167.39 
-162.52 
0.975 
0.976 
SDSB-5 
4.51 
1.37 
4.81 
1.60 
6.29 x1043
4.01 x10 9
588.41 
-68.28 
0.981 
0.973 
SDSB-6 
1.23 
0.59 
1.88 
0.57 
3.39 x1015
36.99 
48.39 
-222.13 
0.996 
0.98 
SDSB-7 1.36 1.43 1.87 x109 -73.93 0.964 
SDSB-8 1.01 0.83 3.87 x104 -163.22 0.982 
SDSB-9 1.70 2.21 6.68 x1016 71.15 0.988 
SDSB-10 1.81 2.84 4.85 x1022 183.50 0.978 
SDSB-11 
0.54 
0.65 
0.83 
0.84 
2.09 x106
3.65 x104
-128.37 
-164.04 
0.984 
0.970 
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Table 2.26:  DSC data of SDSB-1 to SDSB-11 
Code 
Peak temp., 0C 
(Endo) 
Heat of 
transition ∆H, 
Jg-1 
∆H, kJmol-1
Entropy of 
transition ∆S, 
Jmol-1deg-1
SDSB-1 115.79 
 
50.68 23.82 61.24 
SDSB-2 58.74,  
125.99 
1.31 
5.51 
0.66 
2.77 
1.08 
6.93 
SDSB-3 106.95 46.85 24.83 65.33 
SDSB-4 
 
134.37 40.64 22.76 55.85 
SDSB-5 86.49 3.37 1.89 5.25 
SDSB-6 190.35 
196.03 
7.46 
15.79 
4.18 
8.84 
9.01 
18.85 
SDSB-7 209.91 64.86 36.06 74.65 
SDSB-8 135.31 50.21 27.06 66.26 
SDSB-9 106.43 
171.11 
3.79 
53.14 
2.04 
28.64 
5.38 
64.47 
SDSB-10 174.82 72.14 38.88 86.80 
SDSB-11 83.65 14.05 8.82 24.73 
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Section: 6 Microbial study 
      Antibacterial activities of Schiff bases were screened for the in vitro growth 
inhibitory activity against Escherichia coli, Enterobacter aerogenes and Staphylococcus 
aureus, Bacillus megaterium using the disc diffusion method [67, 68]. The bacteria were 
cultured in nutrient agar medium and used as inoculum for this study. Bacterial cells were 
swabbed on to nutrient agar medium [prepared from NaCl (5.0 g), peptone (5.0 g), beef 
extract powder (3.0 g), yeast extract powder (3.0 g), Agar (20.0 g) in 100 ml distilled 
water; pH = 7.5 ± 0.2)] in petri plates.  
 Eleven Schiff bases, standard drugs (Ciprofloxacin, Cephalexin, Gentamicine, 
Griseofulvin) and solvent were screened for their microbial activity against gram 
positive, gram negative bacteria and fungi by disc diffusion method. Comparative zones 
of inhibition after due to solvent correction for standard drugs and compounds are listed 
in Table 2.27 from which it is observed that all the compounds possess mild to moderate 
antibacterial and antifungal activity in comparison to selected drugs and microbes. 
 
 
 
 
 
 
 
 
67. R. Natarajan, T. Chinnathangavel, J. Samuelraj, “Synthesis, spectral 
 characterization, redox and  antimicrobial   activity   of Schiff base  
 transition metal(II) complexes derived from 4-aminoantipyrine and 3-
 salicylideneacetylacetone”, Central Euro. J. Chem., 3(3), 537-555, 2005. 
68. S. Brajagopal, C. Joy, C. R. Choudhury, S. K. Dey, D. K. Dey, S. R. Batten, P. 
Jensen, Yap, P. A. Glenn, S. Mitra, “New Cu(II) complexes with polydentate 
chelating Schiff base ligands: Synthesis, structures,  characterizations and 
biochemical  activity  studies” , Structural Chemistry, 18(1), 33-41, 2007. 
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Table 2.27: Anti microbial activity of BAMPC and SDSB-1 to SDSB-11  
Bacteria 
 
Fungi 
 Code 
E.coli E.aero B.mega S.aur A.niger 
BAMPC 4 3 5 7 9 
SDSB-1 6 4 8 8 4 
SDSB-2 7 11 6 7 12 
SDSB-3 8 6 11 8 6 
SDSB-4 9 9 7 10 11 
SDSB-5 7 2 8 7 5 
SDSB-6 9 5 11 8 8 
SDSB-7 5 7 9 9 9 
SDSB-8 8 1 5 6 6 
SDSB-9 6 9 8 10 12 
SDSB-10 4 4 9 4 8 
SDSB-11 4 3 4 9 7 
C1 12 21 23 22 - 
C2 14 22 18 24 - 
C3 - - - - 23 
C4 - - - - 24 
 
C1: Ciprofloxacine 
C2: Cephalexin 
C3: Gentamicine 
C4:  Griseofulvin 
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Chapter: 3 Reduction of symmetric double Schiff bases 
Section: 1 Introduction  
 Reduction is a fundamental transformation in organic synthesis, chemists seek 
selectivity and specificity in chemical reactions. Selective reductions are difficult and their 
success depends on the reducing agent. In case of imine, it is reduced by electrolysis without 
difficulty and some articles [1, 2] have indicated that the amines are the products of the 
reduction of imines in either protic or aprotic solvents. (Eq. 1) 
>C=NR + 2e- + 2H+ >CH-NHR (1)
      
 Aromatic rings can be reduced by catalytic hydrogenation [3] but this requires higher 
temperatures than for homo and hetero double bonds. It is known that both naphthalene and 
anthracene are reduced to 1, 2, 3, 4-tetrahydronaphthalene and 9, 10-dihydroanthracene 
respectively through the addition of platinum oxide in acetic acid at 500C and 4 atm of 
hydrogen. At higher temperature (2200C) anthracene is partially reduced by LiAlH4 to the 
same compound. The anthracene gives the 9, 10-dihydroanthracene. The Electrochemical-
Electrochemical-Chemical (EEC) mechanism is known to be applicable to the reduction of 
aromatic imines in solvents with low proton donor capability (Eq. 2–4).  
ArCH=NAr' + 1e-
[ArCH=NAr']- + 1e-
[ArCH=NAr']2- + 2H+
.
[ArCH=NAr']-
[ArCH=NAr']2-
ArCH2=NHAr'
. (2)
(3)
(4)
 
 
1.  H. Lund, M. M. Baizer, Organic Electrochemistry, 3rd ed. New York: Marcel Dekker, 
1991. 
2.  H. Lund, J. Simonet, “Electroreduction in the presence of electrophiles in weakly 
acidic solvents. Electrolysis of ketones and imines of the monofunctional series 
reduction of aromatic imino derivatives in the presence of alkyl halides”, Bull. Soc. 
Chim. Fr., 1843-1849, 1973. 
 
 
Introduction   170 
 
 The reduction of imines to the corresponding amines is a very useful transformation 
in organic synthesis since amines constitute important precursors to compounds that are of 
much interest in pharmaceutical and agricultural industries [4]. The stereochemistry of such 
carbon nitrogen π bond reduction is also of great importance in synthetic applications, 
unfortunately, only few reports are available in the literature dealing with this aspect [5]. 
There are numerous reagents have been reported for reduction procedure. One common 
reduction reagent used is sodium borohydride, which was discovered by Brown, Schlesinger, 
and coworkers [6]. The reduction using this reagent employs mild reaction conditions, safe, 
and gives good yields. It can be applied to a wide range of functional groups [7-9]. In 
general, it has been postulated that smaller reducing agents such as sodium borohydride 
[10,11] and sodium cyanoborohydride [12,13] provide stereoselective conversion to 
equatorial secondary amines, although mixtures usually result. On the other hand, bulky 
trialkylborohydrides reduce imines to the corresponding axial amines with excellent 
stereoselectivity. Thus, although axial amines are obtained in high purity, an efficient method 
to produce equatorial amines through simple operation is still appreciated. 
 
3.  E. A. Karakhanov, A. G. Dedov, A. S. Loktev, “Metal complex catalysts for 
hydrogenation of aromatic and heterocyclic compounds”, Uspekhi Khimii, 54, 289-
312, 1985. 
4. J. E. Worbel, B. Ganem, “A general, highly stereoselective synthesis of amines”, 
Tetrahedron Lett., 22, 3447-3450, 1981.  
5. R. O. Hutchins, M. K. Hutchins, B. Trost, “Comprehensive Organic Synthesis”, Ed.; 
Pergamon, New York, 8, 25, 1991.  
6. H. I. Schlesinger, H. C. Brown, H. R. Hoekstra, L. R. Rapp, “Reactions of diborane 
with alkali metal hydrides and their addition compounds. New syntheses of 
borohydrides. Sodium and potassium borohydrides”, J. Am. Chem. Soc., 75, 199–
204, 1953. 
7. H. C. Brown. “Boranes in Organic Chemistry”, Cornell University Press, Ithaca, NY, 
1972. 
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8.  H. C. Brown, R. Krishnamurthy, “Forty years of hydride reductions”, Tetrahedron, 
35, 567-607, 1979.  
9.  E. N. Banfi, R. Riva, “Reagents for Organic Synthesis”, John Wiley & Sons, New 
York, 1995. 
10.  R. O. Hutchins, W. Y. Su, R. Sivakumar, F. Cistone, Y. P. Stercho, “Stereoselective 
reductions of substituted cyclohexyl and cyclopentyl carbon-nitrogen π systems with 
hydride reagents”,  J. Org. Chem., 48, 3412-3422, 1983. 
11. R. Bolton, T. N. Danks, J. M. Paul, “Preparation and reduction of some camphor 
imines”, Tetrahedron Lett., 35, 3411-3412, 1994. 
12.  C. F. Lane, “Sodium cyanoborohydride - A highly selective reducing agent for 
organic functional groups”, Synthesis, 135-146, 1975. 
13. R. O. Hutchins, N. R. Natale, “Cyanoborohydride- utility and applications in 
 organic synthesis. A review”, Org. Prep. Proced. Int., 11, 201-246, 1979.  
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There are several synthetic roots for reduction of imines. 
 Ranu et. al [14] proposed reduction of imines with zinc borohydride supported on 
silica gel. They were utilizing zinc borohydride for selective reduction of various sensitive 
functionalities including the carbon-nitrogen bond [15-20]. They have reported that zinc 
borohydride supported on silica gel reduces imines to the corresponding secondary amines 
very efficiently.  
       R1         R2      R3 
1    Ph           H     c-C6H11 
2    Ph           H     CH2Ph 
3    Ph           H     CH(CH3)Ph 
4    Ph         CH3   CH2Ph
5    Ph         CH3   c-C6H11
6    Ph         CH3   CH(CH3)Ph 
7   n-C7H15   H     CH2Ph 
8   n-C7H15   H     CH(CH3)Ph 
9   n-C7H15   H     c-C6H11 
10   C2H5      H     CH(CH3)Ph
N
R2R1
R3
NH
R2R1
R3
Zn(BH4)2 / SiO2
THF
 
In a simple procedure, the imine was stirred with a suspension of silica gel-supported 
zinc borohydride in THF at 0 °C under nitrogen for a certain period of time. Usual workup 
and purification through a column of basic alumina furnished the corresponding amine. 
Several structurally varied aldimines and ketimines underwent reductions by this procedure 
to produce the corresponding secondary amines in high yields. Zinc borohydride without 
silica gel can also induce reduction [21], but in the case of aliphatic amines this requires 
treatment of the initially formed amine-borane complex with HCl in refluxing THF overnight 
to generate the free amine. On the other hand, reductions with silica gel-supported zinc 
borohydride directly lead to amines, avoiding this additional step of HCl treatment, and are 
comparatively clean and high yielding. Presumably, silica gel moderates the reactivity of zinc 
borohydride, making the process rather slow but cleaner compared to that with zinc 
borohydride alone.  
They have concluded that, zinc borohydride supported on silica gel appears to be a 
very efficient reagent for the reduction of imines to the corresponding amines in high yields. 
Moreover, the operational simplicity and superior stereoselectivity make this procedure 
extremely attractive and a practical alternative to the existing methods [22-27]. 
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14. B. C. Ranu, A. Sarkar, A. Majee, “Reduction of imines with zinc borohydride 
supported on silica gel. Highly stereoselective synthesis of substituted 
cyclohexylamines”, J. Org. Chem., 62, 1841-1842, 1997. 
15.  B. C. Ranu, A. R. Das, “Highly selective reduction of 2-nitrocycloalkanones to 2-
nitrocycloalkanols with zinc borohydride in DME”, Tetrahedron Lett., 33, 2361-2362, 
1992. 
16.  B. C. Ranu, A. R. Das, “Selective reduction of carboxylic acids with zinc borohydride 
in the presence of trifluoroacetic anhydride”, J. Chem. Soc., Perkin Trans.-1, 1561-
1562, 1992.  
17.  B. C. Ranu, A. R. Das, “Silica gel-supported zinc borohydride- Part 3. Regioselective 
reductive cleavage of methylenecycloalkane oxides to the less-substituted alcohols”, 
J. Chem. Soc., Perkin Trans.-1, 1881-1882, 1992. 
18.  B. C. Ranu, R. Chakraborty, M. Saha, “An unusual regioselective anti-markovnikov 
hydration of alkenes with zinc borohydride on silica gel support”, Tetrahedron Lett., 
34, 4659-4662, 1993. 
19.  B. C. Ranu, “Zinc borohydride - A reducing agent with high potential”, Synlett, 12, 
885-892, 1993. 
20.  B. C. Ranu, A. Sarkar, R. Chakraborty, “Reduction of azides with zinc borohydride”, 
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 Suwa et. al [28] have synthesized some nitrogen heterocycles by intramolecular 
Michael type of amination via reduction of imines. Intramolecular Michael type amination of 
ω-amino unsaturated ketones, where the amine was created by reductive amination. This may 
result from the difficulty of chemo selectively generating an amine. If imine-selective 
reduction was carried out for a substrate containing both imine and enone functionalities, the 
1,4- addition of the generated amine would provide nitrogen heterocycles. However, there 
isn’t imine-selective reduction in the presence of reducible enone functions have been 
reported so far [29-31]. Another problem is that imines are generally difficult to isolate 
because of their instability. This problem could be solved by reductive amination of the 
aldehyde moiety in the presence of an enone group. They have developed the unique 
reactivities of the halogen-substituted tin hydride systems such as n-Bu2SnClH-HMPA which 
promote effective reductions of imines. In particular, n-Bu2SnClH-HMPA affords effective 
reductive aminations. 
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Sridharan et. al [32] have reported that some diimines based on N,N-bis[5-substituted 
salicylidene] and m/p phenylenediamines are reduced to their corresponding amines by use 
of sodium borohydride/silica gel system. However, the reduction of o,o’-dihydroxy Schiff 
bases by this reagent has been found to be difficult [33]. Though Tanaka et. al [34] proposed 
a method to reduce these hydroxy Schiff bases, but in some cases it has led to the formation 
of boron complexes, rather than the expected amine. This method describes a simple 
methodology for effective reduction of related N, N-bis[5-substituted salicylidene] m/p-
phenylenediamines to amines involving silica based sodium borohydride, which has been 
extended to imines with modification in the present approach improving the yield.  
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 NaBH4 is also an important ingredient for the reduction of other functional groups. 
Seyden-Penne et. al [35] reported role of NaBH4 stabilizer in the oxazaborolidine catalyzed 
asymmetric reduction of ketones with BH3-THF. They have reported that when stabilized 
BH3-THF (BTHF) was added to a mixture of ketone and tetrahydro-1-methyl-3,3-diphenyl-
1H, 3H-pyrrolo[1,2-c][1,3,2]oxazaborole (MeCBS-ozaxaborolidine, MeCBS) low enantio-
selectivities resulted. Several relative rate experiments showed that a borohydride species in 
BTHF catalyzed the nonselective borone reduction of ketones, effectively competing with 
enantioselective MeCBS reduction of ketones, lowering the overall selectivity of the reaction 
[36]. Improved enantioselectivities in the reaction are obtained by reversing the mode of 
addition (ketone to BTHF and catalyst), lowering the concentration of NaBH4 stabilized in 
the BTHF solution and increasing the concentration or addition rate of BTHF. Decreased 
reaction temperature and increased catalyst loading only slightly improved the selectivity of 
the reaction. Upon reaction parameter optimization, simultaneous addition of substrate and 
BTHF resulted in the highest overall enantioselectivities and diminished the effect of the 
borohydride. Alternatively, the addition of Lewis acids such as BF3-THF to the reaction 
mixture effectively destroyed the NaBH4 stabilizer in BTHF solution, restoring the 
enantioselectivity to acceptable levels.  
 NaBH4 is also useful for reduction of nitro compounds by combination with metal 
halides or salts [37] such as NaBH4/CoCl2, NaBH4/FeCl2, NaBH4/SnCl2, NaBH4/CuSO4, 
NaBH4/Ni(OAc)2, NaBH4/NiCl2, NaBH4/BiCl3 or SbCl3, NaBH4/Co(pyridyl) and 
NaBH4/Cu(Ac)2.  
 
 
 
35.  J. Seyden-Penne, “Reductions by the alumino and  borohydrides in organic 
synthesis”, 2nd Ed., Wiley-VCH, New York, 1997. 
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During past decades, the application of NaBH4 as a mild reducing agent has brought 
about fundamental changes in the reduction of functional groups in modern organic synthesis 
[38,39]. It is known that solely sodium borohydride does not reduce nitro compounds under 
ordinary conditions. However, the reducing power of this reagent or its polymeric analogue 
(BER) undergoes a drastic change toward reduction of nitro groups.  The application of 
carbon in its palladium-supported form to modify the reducing capability of NaBH4 toward 
reduction of nitro compounds was first reported in a brief note at 1962 [40]. They were 
investigated the transformation of nitro compounds to amines with sodium borohydride by 
adding it to mixture of palladium on carbon in alkaline water or methanol.  
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 The combination system of NaBH4 and Pd/C was also reported for the reduction of 
this functional group in THF at room temperature [41-43]. A mixture of carbon and 
palladium also showed an activity. Zeynizadeh et. al [44] showed that the reduction of 
nitrobenzene as a model compound with 2 mol NaBH4 in the presence of charcoal (0.4 g) in 
THF did not show any activity under reflux conditions, but by adding a few drops of water to 
the reaction mixture, the rate of reaction accelerated extremely at room temperature with the 
evolution of hydrogen gas. The reaction conditions were optimized, and they showed that 
using 4 molar equiv of NaBH4 per 1 mol substrate in the presence of charcoal (0.4 g), in a 
mixture of H2O-THF at 50–600C is optimal for the complete conversion. 
NO2 NH2NaBH4, CharcoalTHF, Reflux, 3h
NaBH4, Charcoal
THF : H2O, 2h  
To explore the synthetic utility of this combination system, they studied the reduction 
of structurally different nitroarenes to their amines. Reduction reactions were completed 
within 1–5 h with high to excellent yields of the corresponding amines.  
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On other side in current scenario Schiff bases are a rapidly growing area of interest 
because they may form the basis of interesting chemistry [45-47], special physical properties 
[48-50] and important biological activities [51,52]. The general procedure presented here is 
simple, safe and it reduced the different Schiff bases into their corresponding amines within 
2-3 h. (Table-1)  
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Section-2 Syntheses of 1, 1’-bis[4-N(R-benzyl)-3-methylphenyl] 
cyclohexane 
 Into a 100 ml stopperd flask 0.01 mol symmetric Schiff base and 20 ml THF were 
placed in an ice bath and 0.03 mol NaBH4 was added pinch wise during 15 min with stirring. 
After complete addition of NaBH4, the reaction mixture was stirred at room temperature for 
3-4 h. The progress of the reaction was monitored by TLC. After completion of the reaction, 
the reaction mass was transferred to a 250 ml separating funnel containing 20 ml diethyl 
ether and washed repeatedly with water till NaBH4 was removed completely, separated 
organic layer was dried over sodium sulphate and the solvent was evaporated to dryness. The 
products were purified by a column chromatography in ethyl acetate: hexane (40:60 v/v) 
solvent system. The purity of compounds was checked by TLC technique using appropriate 
solvent system   (Table 1.1).  
 
Reaction Scheme 
T H F
N aB H 4R T
R R
R R
HC N
CH 3H 3C
CHN
H 2C NH
CH 3H 3C
CH 2NH
3-4 .5  h
 
 
 
 
 
 
 
 
 
 
 
 
 
3a   R=H 3b   R= 2-OH 
3c   R= 4-OH                    3d   R= 4-OCH3                 
3e   R= 2- NO2                 3f    R= 3- NO2
3g   R= 4- NO2            3h   R= 4-N (CH3)2
           3i    R= 2-Cl                 3j    R= 3-Cl                         
                     3k   R= 4-Cl 
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Table-1:    Reaction time, yield and analytical data of 1,1’-bis[4-N(R-benzyl) -3-
methylphenyl]cyclohexane (3a-3k) 
TLC 
Code R M.F. M.W. M.P. 0C Solvent System 
Rf 
Value 
Time, h Yield, % 
3a H C34H38N2 474 115 
CF: 
MeOH 
90 : 10 
0.62 3.5 79 
3b 2-OH C34H38N2O2 506 80 
CF : 
MeOH 
90 : 10 
0.71 3.0 80 
3c 4-OH C34H38N2O2 506 104 
CF : 
MeOH 
90 : 10 
0.78 4.0 80 
3d 3-OCH3 C36H42N2O2 534 165 
CF : 
MeOH 
90 : 10 
0.74 4.0 82 
3e 2-NO2 C34H36N4O4 564 160 
EA-Hex. 
20:80 0.54 4.0 82 
3f 3-NO2 C34H36N4O4 564 98 
EA-Hex. 
20:80 0.63 3.0 77 
3g 4-NO2 C34H36N4O4 564 127 
EA-Hex. 
20:80 0.47 3.0 82 
3h 4-N(CH3)2
C38H44N4 560 143 
EA-Hex. 
20:80 0.46 3.5 82 
3i 2-Cl C34H36N2Cl2 543 138 
EA-Hex. 
20:80 0.59 4.0 80 
3j 3-Cl C34H36N2Cl2 543 120 
EA-Hex. 
20:80 0.50 3.5 93 
3k 4-Cl C34H36N2Cl2 543 124 
EA-Hex. 
20:80 0.58 4.0 83 
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Section: 3 Spectral analyses  
IR spectral analysis 
IR spectra of the compounds were scanned over the frequency range from 4000-400 
cm-1. FTIR spectra of 3b, 3g and 3i are shown in Figs. 3.1 to 3.3. Characteristic frequencies 
of 3b, 3g and 3i are presented in Table 3.2. 3b showed a broad band at 3560.7 due to 
phenolic –OH group. Asymmetric stretching band of -NO2 of 3g is merged with the 20 amine 
(1593 -1513 cm-1), while symmetric stretching band is observed at about 1340.6 cm-1. 3i 
showed C-Cl stretching band at about 769.6 cm-1.  –NH- and -C-N- stretching bands are 
observed over a range of 3350-3560 cm-1 and 1273-1315 cm-1, respectively. C-H asymmetric 
and symmetric absorption bands due to -CH2-, -CH3, groups are observed over a range of 
2914-2934 and 2852-2859 cm-1, C-H out of plane deformation and in plane deformation due 
to 1,4 and 1,3 disubstitutions are observed respectively in the range of 810-815 cm-1 and 
1200-1250 cm-1. 
1HNMR Spectral analysis 
 1HNMR spectra of 3b, 3g and 3i were scanned on a Bruker (Avance-II) 400 
MHz spectrophotometer using CDCl3 as a solvent and TMS as an internal standard.  1HNMR 
spectra of 3b, 3g and 3i are presented in Figs.3.4 to 3.6, respectively. The chemical shifts 
(ppm), types of protons and coupling constants (J) of 3b, 3g and 3i with predicted values are 
recorded in Table 3.3. The peak due to residual CHCl3 is appeared at about 7.26 ppm either 
as a separate peak or merged with peaks due to aromatic protons. The integrated areas under 
NMR peaks are observed in accordance with labeled protons. In 1H NMR spectra of  3b, 3g 
and 3i a new peak corresponding to the -NH group observed near about 6.3-6.4 ppm. It is 
clearly noticed that the doublet peak corresponding to the -CH in Schiff bases is changed to a 
singlet peak and shifted near about 4.47 ppm in 3b, 3g and 3i. Thus, NMR spectral data 
confirmed the structures of reduced products in conjunction with other spectroscopic data. 
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Fig. 3.1: IR spectrum of 3b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.2: IR spectrum of 3g 
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3i 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.3: IR spectrum of 3i 
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 Table 3.2: Characteristic IR absorption bands (cm-1) of 1, 1’-bis[4-N(R-benzyl)-3-methyl 
phenyl]cyclohexane 
Frequency in cm-1
Observed  Type Vibration mode 
3b 3g 3i Reported 
C - H  asy str. 2914.5 2933.8 2931.9 2930-2920 
C - H sym. str. 2852.8 2858.6 2858.6 2870-2860 
C-H sciss. 1489.1 1444.7 1449.9 1480-1440 
Alkane    
(-CH3 &      
-CH2-) 
C-H twist. & 
Wagg. 
1249.5 1271.1 1238.3 1250 
C=C Str. 1587.5 1523.8 1564.3 1579 ± 6 
C-H i.p.d. 
1249.9 
979.9 
1149.6 1199.8 1250-950 
C-H o.p.d. 812.1 810.1 815.9 835-820 
1510.3 - 1591.3 1510-1480 
Aromatic 
trisub. 
 
1454.4 1446.6 1494.9 1452 + 4 
1151.5 - 1467.8 1180-1160 
1134.2 - 1134.2 1130-1110 
C – H  i.p.d. 
 
1032.0 - 1049.3 1030-1010 
Aromatic 
disub. 
C – H  o.p.d 
893.1 
812.1 
856.4 815.9 
900-860 
865-810 
Ar-OH str. 3560.7 - - 3550-3400 
Ar-OH def. 1350.2 - - 1410-1310 R 
C-O str. 1249.9 - - 1230-1140 
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Ar-NO2 str. - 1512.2 - 1550-1510 
Ar-NO2 def. - 1340.6 - 1365-1335  
Ar-Cl - - 769.6 750-700 
 N-H str. 3560.7 
3541.4 
3350.5 
3479.7 3500-3300 
 N-H ben. 1587.5 - 1494.9 1580-1490 
 C – N  str. 1315.5 1340.6 1273.1 1350-1280 
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Fig. 3.4: 1HNMR spectrum of 3b 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.5: 1HNMR spectrum of 3g 
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Fig. 3.6: 1HNMR spectrum of 3i 
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Table 3.3:    Chemical shifts (ppm) and coupling constants of 1, 1’-bis[4-N(R-benzyl)-3-
methyl phenyl]cyclohexane 
Code 1H NMR Chemical shift (ppm) and coupling constant data 
{predicted value} 
3b 1.528-1.536 [d, 6H,  β + γ -CH2-], 2.159-2.206 [d, 10H, α -CH2- + -
CH3(h)], 3.656 [s, 2H,  -NH], 4.388 [s, 4H, –CH2-], 6.786-6.807[d, 2H, Ar-
H(c), Jca=8.4], 6.853-6.898 [d, 4H, Ar-H(a+b), Jac=5.1], 7.037-7.062 [d, 
4H, Ar-H(g+e) Jgf=Jef=Jed10.4], 7.143-7.161 [d, 2H, H(f) Jfg=Jfe=7.2], 
7.201-7.243 [m, 2H, H(d)], 8.654 [s, 2H, Ar-OH] 
{1.44 [6H,  β + γ –CH2–], 2.02 [ 4H, α -CH2-], 2.35 [6H, Ar-CH3], 4.0 [2H, 
-NH], 4.32 [4H, -CH2-], 6.61 [2H, Ar-H(d)], 6.23 [2H, Ar-H(c)], 6.70 [2H, 
Ar-H(f)], 6.74 [4H, Ar-H(a+b)], 6.89 [2H, Ar-H(g)], 6.90 [2H, Ar-H(e)], 
5.0 [2H, Ar-OH]} 
3g 1.491-1.499 [d, 6H, β + γ -CH2-], 2.164 [s, 4H, α -CH2-]  2.356 [s, 6H, -
CH3(h)], 4.46  [s, 4H, -CH2-], 6.339-6.377 [t, 2H, -NH], 6.886-7.014 [m, 
4H, Ar-H(a+b)], 7.107-7.18 [m, 2H, Ar-H(c)], 7.511-7.540 [d-d, 4H,  Ar-
H(d),  Jde=6], 8.165-8.195 [d-d, 4H, Ar-H(e), Jed=5.6] 
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α -CH2-], 2.35 [6H, Ar-CH3], 4.0 [2H, 
-NH], 4.32 [4H, -CH2-], 6.23 [2H, Ar-H(c)], 6.74 [4H, Ar-H(a+b)], 7.32 
[4H, Ar-H(d)], 8.07 [4H, Ar-H(e)]} 
3i 1.503 [s, 6H, β + γ -CH2-], 2.184 [s, 10H, α -CH2- + -CH3(h)], 4.447 [s, 4H, 
-CH2-], 6.395-6.415 [d, 2H, -NH, J=8], 6.907-6.993 [m, 4H, Ar-H(a+b)], 
7.470-7.510 [m, 2H, Ar-H(c)], 7.707-7.726 [d, 2H, Ar-H(g), Jgf=7.6], 
7.821-7.842 [d, 2H, Ar-H(e), Jef=Jed=8.4], 8.098-8.122 [d, 2H, Ar-H(f), 
Jfg=Jfe=9.6], 8.216 [s, 2H, Ar-H(d)] 
{1.44 [6H,  β + γ –CH2–], 2.02 [4H, α -CH2-], 2.35 [6H, Ar-CH3], 4.0 [2H, 
-NH], 4.32 [4H, -CH2-], 6.23 [2H, Ar-H(c)], 6.74 [4H, Ar-H(a+b)], 7.00 
[2H, Ar-H(g)], 7.01 [2H, Ar-H(e)], 7.02 [2H, Ar-H(f)], 7.15 [2H, Ar-
H(d)]} 
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13C NMR Spectral study 
 13CNMR and DEPT-135 spectra of 3b are shown in Figs. 3.7 and 3.8, respectively. 
The chemical shifts (ppm) and types of carbon atoms of 3b are recorded with predicted 
values in Table 3.4. The signal due to CHCl3 is appeared at about 76.79-77.42 ppm as a 
triplet. 13C NMR study indicated that there aren’t any changes in number of carbon atoms as 
compared to its corresponding Schiff base. DEPT-135 spectrum of 3b showed twelve distinct 
signals due to seven aromatic CH (113.42, 116.68, 120.02, 125.76, 128.84, 129.14 and 
129.26), one CH3 (10.13) and four CH2 groups (23.04, 26.50, 37.22 and 48.59). CH and CH3 
groups showed positive phase shift, while CH2 groups showed negative phase shift. In DEPT 
analysis, there is one extra peak appeared at about 23.04 ppm indicating the presence of the 
NH-CH2 group due to reduction of -N=CH.   
Mass spectral analysis 
 Mass spectra of 3b, 3g and 3i are shown in Figs. 3.9 to 3.11, respectively. Molecular 
ion peak (M+), (M-1)+ and some of the main fragments are recorded in Table 3.6. An attempt 
has been made to assign fragments mentioned in Table-3.6, through Scheme-3.1.Upon loss of 
electron resulted into molecular ion (M+), while loss of proton resulted into (M-1)+ ion peak, 
which further underwent fragmentation and ultimately converted into low molecular mass 
substances. Important mass spectral fragments of 3b, 3g and 3i are recorded in Table 3.5  
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Fig. 3.7: 13C NMR spectrum of 3b 
 
 
 
 
 
 
Fig. 3.8: 13C NMR (DEPT) spectrum of 3b 
 
 
Spectral…   192 
Table 3.4:   13C NMR chemical shifts of 1, 1’-bis[4-N(2-hydroxybenzyl)-3-methylphenyl] 
cyclohexane 
Code 13C NMR Chemical Shift 
3b 18.0 (C1), 23.0 (C2), 26.4 (C3), 37.1 (C4), 44.8 (C5), 48.5 (C6), 113.3 (C7), 
116.6 (C8), 119.9 (C9), 123.0 (C10), 125.0 (C11), 125.6 (C12), 128.8 (C13), 
129.1 (C14), 129.2 (C15), 141.1 (C16), 142.4 (C17), 157.0 (C18)  
 
{12.4 (C1), 21.9 (C2), 27.7 (C3), 39.5 (C4), 40.3 (C5), 47.2 (C6), 112.7 
(C7), 115.5 (C8), 120.9 (C9), 122.0 (C10), 126.2 (C11), 127.9 (C12), 128.5 
(C13), 129.6 (C14), 129.9 (C15), 141.3 (C16), 141.7 (C17), 155.9 (C18)} 
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Fig. 3.9: Mass spectrum of 3b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.10: Mass spectrum of 3g 
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Fig. 3.9: Mass spectrum of 3i 
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Table 3.5: Important mass spectral fragments of 1, 1’-bis[4-N(R-benzyl)-3-methyl phenyl] 
cyclohexane 
Code m/e 
3b 506, 505, 502, 464, 400, 386, 357, 344, 331, 294, 279, 251, 223, 192, 
144,132,120,107,91,77 
3g 564, 563, 560, 521, 519, 493, 429, 415, 384, 373, 368, 234, 220, 207, 
192, 150, 144,130,120,106,91,77 
3i 543, 542, 541, 538, 501, 499,471, 404, 362, 359, 333, 268, 234, 206, 
192, 142, 127,125,91,77 
 
 
Table 3.6: Molecular ion (M+), (M-1)+ peaks and some important fragments of  1,1’-bis[4-
N(R-benzyl)-3-methyl phenyl] cyclohexane 
 
Code M+ (M-1)+ F-1 F-2 F-3 F-4 F-5 F-6 F-7 F-8 
3b 506 505 502 464 120 386 344 91 77 192 
3g 564 563 560 521 150 415 373 91 77 192 
3i 542 541 538 501 142 404 362 91 77 192 
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Chapter: 4 Syntheses and microbial study of some novel 
bisbenzothiazoles 
Section 1  Introduction 
 Small and simple heterocyclic structures often have surprisingly complex 
biological properties. 2-Aminobenzothiazoles are broadly found useful in bioorganic and 
medicinal chemistry with application in drug discovery and development for the 
treatment of various disease like diabetes [1], epilepsy [2-4], inflammation [5,6], 
amyotrophic lateral sclerosis [7], analgesia [8], tuberculosis [9], viral infections [10,11] 
and HIV  protease inhibitors  also [12].  
 The benzothiazole nucleus is of particular interest especially within the 
realm of medicinal chemistry. Many useful therapeutic agents contain the benzothiazole 
moiety as novel and potent antitumor agents [13-16]. Recently a series of potent and 
selective antitumor agents have been derived from 2-(4-aminophenyl) benzothiazole.  In 
recent years it is also studied that some Schiff bases containing benzothiazole moiety 
with zinc metal are very good anti bacterial agents [17,18]. It is the “key molecule” for 
the synthesis of various medicinally active compounds. 
In benzothiazole, thiozale ring is fused with benzene ring. The IUPAC numbering 
system for benzothiazole is as follow. 
S
N
1
2
34
5
6
7
8
9
 
 
1.  N. K. Lee, J. W. Lee, S. H. Lee, G. J. Im, H. Y. Han, T. K. Kim, Y. H. Kim, W. J. 
Kwak, S. W. Kim, J. H. Ha, E. K. Kim, J. K. Lee,  C. Y. Yoo, D. Y. Lee, 
“Benzothiazole derivatives showing excellent blood sugar lowering activity and 
body  weight decrease and  agent for treating and  preventing diabetes and 
obesity”, Repub. Korean Kongkae Taeho Kongbo, 2006. 
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In the field of polymers, poly benzothiazole (PBT) have been found to be 
particularly interesting among the poly(benzazole) family. They exhibit many 
advantageous physical properties such as high tensile strength, high modulus and 
outstanding thermal and environment stability [19]. The poly(benzazole) family has been 
studied since the early 1980s [20,21]. It includes poly(benzobisthiazole)s (PBTs), 
poly(benzobisoxazole)s (PBOs) and poly(benzimidazole)s (PBIs).  
These classes of polymers are also considered as the materials for applications in 
electronic, photoelectronic and optoelectronic areas such as light emitting diodes (LEDs). 
Recently, many conjugated poly(benzothiazole)s have been synthesized and their optical 
and electronic properties have been investigated in detail. In the earlier studies, Jenekhe 
and Osaheni [22-25] synthesized and studied the new heterocyclic polymers including 
poly(benzobisthiazole-2,6-diylvinylene) (PBTV), poly(benzobisthiazole-2,6-
diyldivinylene) (PBTDV) and poly(benzobisthiazole-1,4-phenylene-bisvinylene) 
(PBTPV) based on the structure of poly(p-phenylene benzobisthiazole) PBZT. Compared 
with PBZT, all of these polymers had the smaller optical bandgap. The wide optical 
property variations obtained in these polymers provided a useful means of studying 
structure property relationships in this class of polymers. Huang et. al [26] have 
synthesized a series of novel poly(bisbenzothiazole)s bearing 4-tert-butylcyclohexylidene 
pendent group. 
 
19.  J. F. Wolfe, “In concise encyclopedia polymer science engineering, 1st ed, 
Kroschwitz, J. I., Ed.; Wiley-Interscience: New York p. 773, 1990 
20.  J. F. Wolfe, F. E. Arnold, “Rigid-rod polymers-1.  Synthesis and thermal 
properties of para-aromatic polymers with 2,6-benzobisoxazole units in the main 
chain”, Macromolecules, 14(4), 909-915, 1981. 
21. J. F. Wolfe, B. H. Loo, F. E. Arnold, “Rigid-rod polymers.  2.  Synthesis and 
thermal properties of para-aromatic polymers with  2,6-benzobisthiazole units in 
the main chain”, Macromolecules, 14(4), 915-920, 1981. 
22.  S. A. Jenekhe, J. A. Osaheni, “Excimers and exciplexes of  conjugated polymers”  
Science, 265,  765-768, 1994. 
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In order to investigate the effect on properties by introducing different 
substituents into the backbone, they synthesized PBZT and poly(benzobisthiazole-2,6-
diphenylene etherylene) (PBTPE) and compared the thermostability, solubility, 
morphology and photophysical properties of them with poly(bisbenzothiazole-2,2’-
phenylene-6,6’-(4-tert-butyl) cyclohexylidene) (PBTPBCH) and poly(bisbenzothiazole-
2,2’-phenylene etherylene- 6,6’-(4-tert-butyl)cyclohexylidene) (PBTPEBCH) in detail 
and established the structure-property relationships of this class of poly(benzothiazole)s.  
X
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After comparisation it is concluded that the introduction of ether linkage and the 
4-tert-butylcyclohexylidene group into the polymer backbone led to the lower inherent 
viscosity of these derivatives of PBZT [27]. Especially, the dramatically decreased 
inherent viscosities of PBTs (IIIb) were due to the introduction of 4-tert-
butylcyclohexylidene. The thermal stability of these PBTs was decreased and the 
solubility of them was enhanced. Furthermore the affection of bulky pendant group to the 
thermal stability and solubility was greater than that of flexible linkage. Except for PBT 
(IIIa1), all the other PBTs (III) exhibited an amorphous nature.  
 
27. W. Huang, J. Yin, “Study of structure-property relationships of 
 poly(benzobisthiazole) and it’s derivatives”, Polym. Bull., 57, 269–279, 2006. 
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Compared with the absorption maximum (λmax) of PBT (IIIa1), λmax of all the 
other PBTs (III). Blue shift and their optical bandgap was increased. PBTs (IIIb) showed 
larger blue shift because the introduction of aliphatic groups decreased π-delocalization 
over the repeating units in larger degree than ether linkage did. The emission peaks of 
them showed the blue shift as well. The peak intensities and the relative PL quantum 
yields of them were improved. The bulky pendant group of PBTs (IIIb) could reduce the 
aggregation, which was more efficient to improve the relative PL quantum yield than the 
etherylene did. 
Surleraux [28] has synthesized 2-aminobenzothiazole sulfonamides, which are 
found to have a favorable virological profile. Not only are they active against wild type 
HIV virus, but they also show a broad spectrum activity against various mutant HIV 
viruses exhibiting resistance against known protease inhibitors. The present invention 
concerns the use of 2-amino benzothiazole protease inhibitors having the formula and N-
oxides, salts, stereoisomeric forms, racemic mixtures, prodrugs, esters and metabolites. 
N
S R5
R6S
NNL
O
O
R4OH
R3
R2
O
R1
R1 = Hexahydrofuro[2,3,b]furanyl,tetrahydrofuranyl, 
        oxazolyl, thiazolyl,pyridinyl or phenyl substituted 
        with one or more substituents selected from C1-6 alkyl,
        hydroxy amino, halogen, amino C1-4 alkyl, 
        mono or di (C1-4 alkyl)amino
R2 = H or C1-6 alkyl
R3 = Phenyl C1-4 alkyl
R4 = C1-6 alkyl
R5 = H or C1-6 alkyl
R6 = H or C1-6 alkyl
L = -O-, C1-6 alkanediyl-O-, -O-C1-6 alkanediyl  
28. Surleraux “Broad spectrum 2-amino benzothiazole sulfonamide HIV protease 
inhibitors”, US 0267156, 2005.  
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 Ethoxzolamide (Trad Name: Cardrase Ethamide) is one of the benzothiazole 
derivative which is a clinically effective diuretic carbonic anhydrase inhibitor [29] 
currently available in market. 
N
SO
SO2NH2
Ethoxzolamide
Trade Name- Cardrase Ethamide  
There are three key luciferins in bioluminescence, and the three types of rainbow 
proteins, benzothiazole is one among them. In the thousand or so luminous beetles the 
luciferin is a benzothiazole, which is responsible for the emission of green, yellow or red 
light. Red bioluminescence is surprisingly rare, being found only in the beetles, and a 
group of deep sea fish, the dragon fish [30]. 
N
SHO
N
S
OAMP
OBeetle Luciferin  
 
 
 
 
 
 
 
29. A. Posner, “Use of a new carbonic anhydrase inhibitor (cardrase)  in glaucoma”, 
Am. J. Ophthalmol., 45, 225-227, 1958. 
30. A. K. Campbell, Chemistry in Britain. 
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Antitumor 2-(4-aminophenyl) benzothiazoles are a case in point: their 
development from humble beginnings as synthetic intermediates for tyrosine kinase 
inhibitors to their present status as agents in advanced preclinical development is a 
remarkable one. Structure-activity relationship studies based on the initial lead compound 
2-(4-aminophenyl)benzothiazole (1a) established that certain substituents (Me, Cl, Br, I) 
in the 3γ-position of the phenyl group produced novel agents with potent activity in 
certain breast, ovarian, renal, colon, and lung cell lines in vitro [31,32].  
R
2
     R1    R2
a,  H      H
b, CH3    H
c,  Cl      H
d, CH3  5-F
e, CH3  6-F
f,  CH3  5,6-di-F
R = H, Me, Cl, Br, I1 2 3
S
N
R1
NH2
S
N
CH3
NH2
HO S
N
R
NHSO3Na
 
 
 
 
 
 
 
31.  D. F.  Shi, T. D. Bradshaw, S. Wrigley, C. J. McCall, P. Lelieveld,  I. Fichtner, M. 
F. G. Stevens, “Antitumor benzothiazoles. 3. Synthesis of 2-(4-aminophenyl)-
benzothiazoles and evaluation of their activities against breast cancer cell lines in 
vitro and in vivo”, J. Med. Chem., 39, 3375-3384, 1996. 
32.  T. D. Bradshaw, D. F. Shi, R. J. Schultz, K. D. Paull, L. Kelland, A. Wilson, C. 
Garner, H. H. Fiebig, S. Wrigley, M. F. G. Stevens,  “Influence of 2-(4-
aminophenyl)benzothiazoles on growth of  human ovarian carcinoma cells in 
vitro and in vivo”, Br. J. Cancer, 77, 421-429, 1998. 
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Hutchinson et. al [33] have synthesized a series of water-soluble L-lysyl- and L-
alanyl-amide prodrugs of the lipophilic antitumor 2-(4-aminophenyl)benzothiazoles to 
address formulation and bioavailability issues related to the desired parenteral 
administration of the chosen clinical candidate. The prodrugs exhibit the required 
pharmaceutical properties of good water solubility (in weak acid) and stability at ambient 
temperature and degradation to free base in vivo. The lysyl-amide of 2-(4-amino-3-
methylphenyl)-5-fluorobenzothiazole has been selected for phase 1 clinical evaluation. 
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33. I. Hutchinson, S. A. Jennings, B. R. Vishnuvajjala, A. D. Westwell, M. F. G. 
Stevens, “Antitumor benzothiazoles. 16. Synthesis and pharmaceutical properties 
of antitumor 2-(4-aminophenyl)benzothiazole amino acid prodrugs”, J. Med. 
Chem., 45, 744-747, 2002. 
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Jordan et. al [34] have synthesized 2-amino benzothiazoles by the reaction of 
molecular bromine (Br2) with arylthioureas to produce 2-aminobenzothiazoles. They 
showed that benzyltrimethylammonium tribromide (PhCH2NMe3Br3), a stable, 
crystalline organic ammonium tribromide (OATB), can be readily utilized as an 
alternative electrophilic bromine source. It is easier to control the stoichiometry of 
addition with an OATB, which minimizes aromatic bromination caused by excess 
reagent. They have developed a direct procedure from isothiocyanates and amines using 
tetrabutylammonium thiocyanate (Bu4NSCN) and PhCH2NMe3Br3 to afford 
functionalized 2-aminobenzothiazoles.  
R
N
H
NHMe
S
N
SR
NHMe
R = Br, Me, OMe, NO2
PhCH2NMe3Br3
CH3COOH
 
 
They have concluded that PhCH2NMe3Br3 is a stable, electrophilic bromine 
source for the conversion of substituted arylthioureas to 2-aminobenzothiazoles under 
mild conditions in a variety of solvents with good yields. One of the key benefits for this 
reagent when compared with molecular bromine is ease of addition and handling, which 
minimizes the risk of forming brominated side products.  They have extended the use of 
this reagent to a direct, one-pot synthesis of 2-aminobenzothiazoles from either aryl 
isothiocyanates and amines or tetrabutylammonium thiocyanate and anilines in the 
presence of a stoichiometric amount of PhCH2NMe3Br3. 
 
 
 
 
 
34. A. D. Jordan, C. Luo, A. B. Reitz, “Efficient conversion of  substituted aryl 
thioureas to 2-aminobenzothiazoles using benzyltrimethylammonium tribromide”, 
J. Org. Chem., 68, 8693-8696, 2003. 
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 Wahe et. al [35] have synthesized novel 2H-pyrimido[2,1-b]-benzothiazol-2-ones 
by reacting 2-amino benzothiazole with alkyne β-carbon atom of acetylenic acids. 
N
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NH2 R3 C C
COOH
N
SR1
R2
NH2
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C C
O
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R3
-H2O
R1    R2     
H      H 
Me    Me
H      OMe
H     OMe
R3
H
1-Pentyl
Ph
 
 The structures of these compounds were proved by their 
1
H-NMR and 
13
C-NMR 
spectra and by additional HMQC (Heteronuclear Multiple-Quantum Correlation) and 
HMBC (Heteronuclear Multiple-Bond Correlation) experiments. 
 Matusi et. al. [36] have syntheszed 6-substituted benzothiazolyl bisazodyes. They 
synthesized the said compound by diazotization coupling reaction of 2-
aminobenzothiazole with sodium anilinomethanesulphonate followed by hydrolysis to 
produce 4-(6-substituted 2-benzothiazolylazo) anilines in low to moderate yields. A 
second diazotization-coupling reaction with N,N-diethylanilines gave final products in 
moderate yields. 
N
S
R
NH2 NaNO2, H2SO4
N
S
R
N N NH2
N
S
R
N N N N N
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Shuichi et. al [37] have synthesized benzothiazole bisazo compounds and their 
metal chelates. The title compounds and their metal chelates are prepared by diazotized 
diamine with nitrosylsulfuric acid at 0-30C. After completion of diazotization reacted it 
with 3-Me2NC6H4COOH and urea in MeOH at 0-50C gave bisazo compound.  Stirring it 
with a mixt. of NaOAc,  Ni(OAc)2, and a soln. of bisazo compound in THF-H2O at room 
temperature gave Ni chelate.   
 
N
S
N N
N
S
NN
HOOC
N(Me)2
COOH
(Me)2N
 
 
 Ni chelates were formulated into a recording medium with octafluoropentanol, 
spread on a polycarbonate substrate and the film was UV irradiated to form a crosslinked 
spin-coat, which was used for optical recording in a compact disk player with good 
results.   
 
35.  H. Wahe, J. T. Mbafor, A. E. Nkengfack, Z. T. Fomum, R. A. Cherkasov, O. 
Sterner, D. Doepp, “Heterocycles of biological importance: Part 7. Synthesis of 
biologically active pyrimido [2,1-b]benzothiazoles from acetylenic acids and 2-
aminobenzothiazoles”, Arkivoc,  15, 107-114, 2003. 
36. M. Matsui, Y. Kamino, M. Hayashi, K. Funabiki, K. Shibata, H.  Muramatsu, 
Y. Abe, M. Kaneko, “Fluorine-containing   benzothiazolyl bisazo dyes their 
application to  guest- host liquid  crystal displays”, Liq. Cryst., 25, 235- 240, 
1998. 
37. M. Shuichi, F. Chiyoko, N. Takumi, K. Toshio, “Preparation of benzothiazole 
bisazo compounds and their metal chelates as optical recording media”, JP-
154228, 1990. 
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Section: 2 Syntheses of bisbenzothiazoles 
 
Synthesis of 1, 1’-bis (2-amino-4-R-benzothiazole-6-yl) Z 
A 0.02 mol bromine in 20 ml glacial acetic acid was added dropwise to a 250 ml 
stoppered flask containing 0.01 mol diamine, and 0.04 mol potassium thiocynate in 30 ml 
glacial acetic acid at 0-3 0C. The reaction mixture was stirred at room temperature for 6-9 
h. The progress of reaction was monitored by TLC. The reaction mixture was neutralized 
by using 10% NaOH and separated product was filtered, washed well with distilled water 
and dried at 50 0C. BT-1 to BT-3 were recrystallized atleast three times from chloroform-
hexane solvent system. The title compounds are soluble in common organic solvents like 
chloroform, acetone, ethanol, ethyl acetate, etc. Analytical data of BT-1 to BT-3 are 
reported in Table 4.1. 
 
Reaction scheme 
BT-1,  R = H, Z =
BT-2,  R = CH3, Z =
BT-3,  R = H, Z =CH2
4 KCNS 2 Br2
Z
NH2NH2
R R
Z
N
S
N
S
NH2 NH2
R R
+ +
Gla.CH3COOH
6-9 h
I
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Table 4.1: Analytical data of 1, 1’-bis (2-amino-4-R-benzothiazole-6-yl)Z 
TLC data 
Code R M.F. M.W. M.P.,0C Solvent 
system 
Rf 
value 
Time, 
h 
Yield, 
% 
BT-1 H C20H20N4S2 380 138 
CHCl3:MeOH 
(90:10 v/v) 
0.72 8.0 78.5 
BT-2 CH3 C22H24N4S2 408 158 
CHCl3:MeOH 
(90:10 v/v) 
0.65 6.0 86.4 
BT-3 H C17H14N2S2 312 215 
CHCl3:MeOH 
(90:10 v/v) 
0.63 8.5 84.2 
 
CF: Chloroform, MeOH: Methanol,  
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Section: 3 Spectral studies 
U.V. spectral analysis 
 UV spectra of BT-1 to BT-3 were scanned on a Shimadzu-1700 UV 
spectrophotometer at room temperature using chloroform and 1, 4-dioxane as 
solvents. UV spectra of BT-1 to BT-3 in chloroform and 1, 4-dioxane are shown in 
Figs.4.1 to 4.2. Observed wavelengths of maximum absorption (λmax) in chloroform 
are 240.8, 241.2 and 236.2 nm; and that in 1, 4-dioxane are 230.6, 231.2 and 228 nm, 
respectively. It is observed that λmax has decreased considerably in 1, 4-dioxane 
system for the compounds under investigation.  
IR spectral analysis 
 IR spectra (KBr pellets) were scanned on a Shimadzu FTIR- 8400 
spectrophotometer. IR spectra of BT-1 to BT-3 are shown in Figs. 4.3 to 4.5. The 
characteristic absorption frequencies of BT-1 to BT-3 are reported in Table 4.2. The 
absorption bands due to N-H stretching and bending vibration of primary amine group 
of BT-1 to BT-3 are observed over the frequency range of   3355-3301 and 1536-1505 
cm-1, respectively. Stretching absorption bands due to C=N and C-N of thiazole ring 
are observed at about 1642-1623 and 1295-1279 cm-1, respectively. Asymmetric and 
symmetric bands due to -CH3 and -CH2- are observed over frequency range of 2934-
2931 and 2857-2855 cm-1 respectively.  
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Fig. 4.1: U.V. spectra of BT-1, BT-2 and BT-3 in chloroform 
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Fig. 4.2: U.V. spectra of BT-1, BT-2 and BT-3 in 1,4-dioxane  
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Fig. 4.3: IR spectrum of BT-1 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.4: IR spectrum of BT-2 
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Fig. 4.5: IR spectrum of BT-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Spectral… 
 
  217
 
Table 4.2: Characteristic IR absorption frequencies of 1, 1’-bis (2-amino-4-R-
benzothiazole-6-yl)Z 
Frequency, cm-1
Observed Reported Type 
Vibration 
mode 
BT-1 BT-2 BT-3  
C-H str. 
(asym.) 
3354.3 2933.8 2930.0 
2972-
2952 
C-H str. 
(sym.) 
2933.8 2856.7 2854.7 
2885-
2860 
C-H def. 
(asym.) 
2854.7 1460.2 1454.4 
1470-
1435 
C-H 
def.(sym.) 
- 1371.4 - 
1395-
1370 
Alkane        
(-CH2- and -
CH3) 
-CH 
Scissoring 
1465.3 1460.2 1445.4 
1480-
1400 
C=C ring str. 
skeletal 
1510.3 
1456.3 
1570.1 1504.5 
1585-
1480 
C-H i.p. def. 1111.0 1097.5 1093.7 
1125-
1090 
Aromatic tri 
and tetra 
substituted 
ring C-H o.o.p. 
def. 
821.7 848.7 817.9 860-810 
N-H str. 3354.3 3300.3 3342.8 
3300-
3500 
N-H def. 1535.4 1537.3 1535.4 
1650-
1580 
C=N str. 1622.2 1641.5 1622.2 
1650-
1620 
Amine 
(primary) 
C-N str. 1278.9 
1300.1 
1278.9 
1292.4 
1340-
1250 
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1H NMR analysis 
The 1H NMR spectra were scanned on a Brucker FTNMR (Avance II 400 
MHz) spectrometer by using acetone-d6, DMSO-d6 and CDCl3 as a solvent and TMS 
as an internal standard. 1H NMR spectra of BT-1 and BT-2 are displayed in Figs. 4.6 
and 4.7. 1H NMR chemical shifts (ppm), coupling constants (J) and types of protons 
of BT-1 and BT-2 with predicted values are reported in Table 4.3. The peak due to 
residual acetone, DMSO and CHCl3 in case of BT-2 and CHCl3 in case of BT-1 are 
observed at about 2.01, 2.47 and 7.23 ppm either as a separate peak or overlapped 
with aromatic protons. Coupling constants and integration areas under each peak are 
observed in accordance to labeled protons.   
13C Spectral analysis  
The 13C NMR spectra were scanned on a Brucker FTNMR (Avance II 400 
MHz) spectrometer by using DMSO-d6 and CDCl3 as a solvent and TMS as an 
internal standard. 13C spectra of BT- 1 and BT-2 along with their DEPT-135 spectra 
are presented in Figs. 4.8 to 4.11, respectively. 13C NMR chemical shifts (ppm) and 
types of carbons of BT-1 and BT-2 with predicted values are reported in Table 4.4. 
The peak due to residual DMSO and CHCl3 in case of BT-1 and CHCl3 in case of BT-
2 are observed at about 38.84-39.89 and 76.55-77.18 ppm as a separate peak. 13C 
NMR chemical shifts (ppm) and types of carbon atoms of BT-1 and BT-2 are reported 
in Table 4. DEPT-135 spectrum of BT-1 showed six distinct signals due to CH 
(113.23, 114.41 and 123.01) and CH2 (18.13, 21.52, 32.63). In case of BT-2 there are 
six distinct signals due to CH3 (18.92), CH2 (23.04, 26.41 and 37.56) and CH (116.97, 
126.31) observed. 
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             BT-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.6: 1H NMR spectrum of BT-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.7: 1H NMR spectrum of BT-2 
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Table 4.3: 1H NMR chemical shift (ppm) and coupling constant data of 1, 1’-bis(2-
amino-4-R-benzothiazole-6-yl)Z 
Code Structure 
Chemical Shift, δppm {predicted 
value} 
BT-1 
N
S
N
S
H2N N 2H
α
β
γ
b
a
c
 
1.501-1.574 [6H, d, β+γ-CH2-], 2.739-
2.293 [4H, s, α-CH2-], 6.541 [4H, s, 
Ar-NH2], 7.165-7.191 [2H, d-d, 
ArH(a), Jac=10.4, Jab=2], 7.308-7.354 
[2H, m, ArH(b)], 7.364-7.450 [2H, m, 
ArH(c)] 
{1.44 [6H,  β + γ –CH2–], 2.02 [6H,  -
CH3 + 4H, α  -CH2-], 2.35 [6H, Ar-
CH3], 4.0 [4H, Ar-NH2], 7.42 [2H, Ar-
H(a)], 7.99 [2H, Ar-H(b)], 8.15 [2H, 
Ar-H(c)]} 
BT-2 
 
2
1.483-1.571 [6H, d, β+γ-CH2-], 2.260 
[4H, s, α -CH -], 2.838 [6H, s, Ar-
CH3], 6.1823 [4H, s, Ar-NH2], 7.019 
(2H, s, ArH(a)], 7.284 [2H, s, ArH(b)] 
{1.44 [6H,  β + γ –CH2–], 2.02 [6H,  -
CH3 + 4H, α -CH2-], 2.35 [6H, Ar-
CH3], 4.0 [4H, Ar-NH2], 7.22 [2H, Ar-
H(a)], 7.80 [2H, Ar-H(b)]} 
N
S
N
S
H2N NH2
CH3 CH3
α
β
γ
b
a
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Fig. 4.8: 13C NMR spectrum of BT-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.9: 13C NMR (DEPT) spectrum of BT-1 
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Fig. 4.10: 13C NMR spectrum of BT-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.11: 13C NMR spectrum (DEPT) of BT-2 
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Table 4.4: 13C NMR chemical shifts of 1, 1’-bis (2-amino-4-R-benzothiazole-6-yl)Z 
 
Code Structure Chemical shift, δppm {predicted value} 
BT-1 
N
S
N
S
H2N 2NH
1
2
34
5
6 7
8
9
10
11
22.44 (C1), 25.83 (C2), 36.77 (C3), 45.57 (C4), 
117.55 (C5), 124.61 (C6), 127.32 (C7), 131.0 
(C8), 142.23 (C9), 149.21 (C10). 166.26 (C11) 
{22.8 (C1), 28.6 (C2), 38.9 (C3),  39.7 (C4), 
120.7 (C5), 122.3 (C6), 125.0 (C7), 125.8 (C8), 
140.3 (C9), 146.5 (C10). 166.4 (C11)} 
BT-2 
N
S
N
S
H2N N 2
CH3 CH3
H
1
2
3
45
6 7
9
10
11
12
8
 
17.84 (C1) , 22.50 (C2), 26.44 (C3), 37.34 
(C4), 46.10 (C5), 114.99 (C6), 125.74 (C7), 
128.07 (C8), 132.4 (C9), 143.13 (C10), 148.61 
(C11), 165.64 (C12) 
{19.4 (C1), 22.8 (C2), 28.6 (C3), 39.5 (C4), 
39.7 (C5), 117.7 (C6), 124.9 (C7), 125.7 (C8), 
131.8 (C9), 140.2 (C10), 144.8 (C11), 166.4 
(C12)} 
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Mass spectral analysis 
 Mass spectra of the compounds were scanned on a Shimadzu GC-MS-QP 
2010 by using EI (0.7 kV) detector. The ion source temperature was 220oC and 
interface temperature was 240oC. Though molecular ion peak is low in abundance, but 
it gives valuable information about identification of the compound. Molecular ion 
further undergoes fragmentations into various fragments, which are very useful in 
establishing the structure. Mass spectra of BT-1 to BT-3 are shown in Figs. 4.12-4.14. 
Important mass spectral fragments of BT-1 to BT-3 are recorded in Table 4.5. An 
attempt has been made to assign fragments mentioned in Table-4.5, through Scheme-
4.1 to 4.3. Upon loss of electron resulted into molecular ion (M+), while loss of proton 
resulted into (M-1)+ ion peak, M+ and (M-1)+ ions further underwent fragmentation 
into various fragments and ultimately converted into low molecular mass substances. 
Thus, spectral data supported the structure of the compounds under study.  
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Fig. 4.12: Mass spectrum of BT-1 
  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.13: Mass spectrum of BT-2 
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Fig. 4.13: Mass spectrum of BT-3 
 
 
 
Table 4.5: Important mass fragments of 1, 1’-bis (2-amino-4-R-benzothiazole-6-yl)Z 
 
Code m/e 
BT-1 
381, 380, 365, 337, 323, 280, 266, 230, 223, 187, 173, 163, 144, 130, 115, 
106, 93, 77 
BT-2 409, 408, 393, 365, 351, 339, 308, 244, 201, 177, 163, 150, 104, 91, 77 
BT-3 313, 312, 311, 279, 255, 254, 237, 163, 136, 119, 106, 92, 77  
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N
S
N
S
N
S
NH2H2N
-NH
N
S
N
S
H2N H
N
S
N
S
HH
N
S
N
S
C
S
NH2
N
S
N
S
HH
C7H5NS
Mol. Wt.: 135
C15H8N2S2
Mol. Wt.: 280
- CH2
- N
- CH2
- 3CH2
+ 2H
C6H7N
Mol. Wt.: 93C6H5
+
Mol. Wt.: 77
- C-S
+ 2H
- NH2
- C=N
+ H
C20H20N4S2
Mol. Wt.: 380
C20H19N3S2
Mol. Wt.: 365
C19H17N2S2
Mol. Wt.: 337
C18H15N2S2
Mol. Wt.: 323
C18H18S
Mol. Wt.: 266
N
S
N
S
NH3
+
H2N
C20H21N4S2
Mol. Wt.: 381
H+
Scheme 4.1
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N
S
N
S
CH3CH3
NH3H2N
H+N
S
N
S
CH3CH3
NH3H3N
N
S
H2N
C
H
CH3
SH
CH3
CH3
SH
CH3H2C
N
S
H2N
CH2
CH3H2C
N
S
N
S
CH3CH3
NH2H2N
N
S
NH
N
S
H2N
CH3
- CH4
N
S
N
S
HN
CH3
S
N
S
H2N
N
S
NH2
CH3
N
S
NH2
N
S
C22H24N4S2
C7H7+
C8H7N2S
Mol. Wt.: 163
C7H6N2S
Mol. Wt.: 150
C7H5NS
Mol. Wt.: 135
Mol. Wt.:408
- CH-NH
- CH3, N
+ 2H2
- CH
- NH
Mol. Wt.:91
C6H5+
Mol. Wt.:77
- N, S
- CH2
C9H9N2S
Mol. Wt.: 177
- CH3
C8H7N2S
Mol. Wt.: 163
- CH3
+ H
- SH
+ 2H
C21H20N4S2
Mol. Wt.: 393
C20H18N3S2
Mol. Wt.: 365
C19H19N2S2
Mol. Wt.: 339
C10H14S
Mol. Wt.: 165
C9H10S
Mol. Wt.: 150
C9H9
Mol. Wt.: 117
C22H25N4S2
Mol. Wt.: 409
C22H26N4S2
Mol. Wt.: 410
Scheme 4.2
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N
S S
N
H2N NH3+
C
H2
N
S S
N
H2N NH2
C
H2
N
S S
N
H2N NH
C
H2
N
S S
N
C
H
N
S S
N
C
H
N
S S
N
C
S
N
NH2
C
H
- 2NH2
S
NH
H2C
-C6H2
NH2
H2C
+H
S
N
NH2
H2C
NH2
C15H7N2S2
Mol. Wt.: 279
C13H7N2S2
Mol. Wt.: 255
C13H6N2S2
Mol. Wt.: 254
C14H9N2S
Mol. Wt.: 237
- 2C
- H+
C7H6NS
Mol. Wt.: 136
C8H7N2S
Mol. Wt.: 163
C7H8N
Mol. Wt.: 106
- C-NH2
- S, +H2
C6H6N
Mol. Wt.: 92
.
C6H5
Mol. Wt.: 77
- CH2
- NH
+ H+
- H+
C15H11N4S2
Mol. Wt.: 311
C15H12N4S2
Mol. Wt.: 312 C15H13N4S2
Mol. Wt.: 313
N
S S
N
H2N NH2
C
H2
-e-
C15H12N4S2
Mol. Wt.: 312
Scheme 4.3
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Section 4 Microbial study 
 Antibacterial and antifungal activities of benzothiazoles were screened for the 
in vitro growth inhibitory activity against Escherichia coli, Staphylococcus aureus 
and Aspergillus niger by using the disc diffusion method [38, 39]. The compounds to 
be tested were dissolved in DMF to final concentrations (weight/volume) of 0.1 %, 
0.2 % 0.3 % and 0.4 % and soaked in filter paper (Whatman No 4) discs of 6 mm 
diameter and 1mm thickness. Ciprofloxacin and cephalexin are used as standard 
antibacterial drugs, while gentamicine and griseofulvin are used as standard 
antifungal drugs. The inhibition zones were measured after subtracting inhibition due 
to solvent used.  
 The zones of inhibition (mm) at various dilutions for standard drugs and 
samples after correction due to solvent are reported in Table 4.6 from which it is 
observed that in comparison with cephalexin BT-1 possesses comparable antibacterial 
activity against E. coli and S. aureus , while BT-1 to BT-3 possess moderate to mild 
activity against same microbes and drugs. In comparison to ciprofloxacine they 
possess moderate activity in comparison to gentamicine and griseofulvin. BT-1and 
BT-2 possess moderate to comparable antifungal activity against A. niger, while BT-3 
showed only moderate activity against same microbes and standard drugs. Thus, BT-1 
and BT-2 possess moderate to comparable activity against chosen microbes and 
standard drugs. 
 
 
 
 
 
38.   P. J. Palmer, G. Hall, R. B. Trigga, J. V. Warrington, “Antimicrobials. 1. 
Benzothiazolylbenzylamines”, J. Med. Chem., 14, 1223-1225, 1971. 
39.    M. Hassan, Z. H. Chohan, C. T. Supuran, “Antibacterial Co(II) and Ni(II) 
complexes of benzothiazolederived schiff bases”, Synt. React. Inorg. Met. 
Org. Chem. 32, 1445–1461, 2002. 
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Table 4.6: Biological activity of standard drugs and samples 
 
Bacteria Fungi 
E. coli S. aureus 
 
A. niger 
 
Code 
0.1% 0.2% 0.3% 0.4% 0.1% 0.2% 0.3% 0.4% 0.1% 0.2% 0.3% 0.4%
BT-1 2 4 7 12 3 8 11 19 5 9 15 23 
BT-2 1 2 5 8 1 6 7 13 3 6 10 18 
BT-3 0 0 2 5 0 2 3 7 0 3 4 9 
C1 4 7 9 15 6 10 15 22 - - - - 
C2 2 5 7 13 3 8 12 20 - - - - 
C3 - - - - - - - - 8 12 19 25 
C4 - - - - - - - - 7 10 18 24 
 
* 0=Not diffused 
C1: Ciprofloxacine 
C2: Cephalexin 
C3: Gentamicine 
C4:  Griseofulvin 
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Introduction   232 
Chapter 5 Syntheses and microbial study of bisquinolines  
Section 1 Introduction 
Quinolines and their derivatives are important constituents of pharmacologically 
active synthetic compounds, as these systems have been associated with a wide spectrum of 
biological activities [1-3] such as DNA binding capability [4], antitumor activities [5,6], 
DNA-intercalating carrier [7], etc. The quinoline nucleus can also be frequently recognized 
in the structure of numerous naturally occurring alkaloid and synthetic compounds with 
interesting pharmacological properties. As a consequence, the development of general 
methods for the synthesis and biological evaluation of new agents, retaining the ‘core’ 
quinoline moiety has been the subject of considerable synthetic effort. It is an essential 
component of the search for new leads in the drug designing program. Certain small 
heterocyclic molecules act as highly functional scaffolds and are known pharmacophores of a 
number of biologically active and medicinally useful molecules [8-10]. Quinoline is one of 
them. 
Quinoline is made up of a phenyl ring fused with a pyridine ring. It is also known as 
benzpyridine. The IUPAC numbering system for the quinoline is as follows: 
 
N
1
2
3
45
6
7
8
9
10
 
 
1. H. I. El-Subbagh, S. M. Abu-Zaid, M. A. Mahran, F. A. Badria, A. M. Alofaid, 
“Synthesis and biological evaluation of certain α,β-unsaturated ketones and their 
corresponding fused pyridines as antiviral and cytotoxic agents”, J. Med. Chem., 43, 
2915-2921, 2000. 
2.  A. A. Watson, G. W. J. Fleet, N. Asano, R. J. Molyneux, R. J. Nugh., 
“Polyhydroxylated alkaloids - Natural occurrence and therapeutic applications”, 
Phytochemistry, 56, 265-295, 2001. 
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3.  B. R. Jerom, K. H. Spencer, “Preparation and testing of 4-(hetero-
cyclylacylamino)piperidines as narcotic antagonists and  analgesics”, Eur. Pat. 
Appl. 277794, 1988. 
4. G. J. Atwell, B. C. Baguley, W. A. Denny, “Potential antitumor  agents. 57. 2-
Phenylquinoline-8-carboxamides as minimal DNA- intercalating antitumor agents  
with in vivo solid tumor activity”,  J. Med. Chem., 32, 396-401, 1989. 
5.  S. C. Kuo, H. Z. Lee, J. P. Juang, Y. T. Lin, T. S. Wu,  J. J. Chang, D. Lednicer, K. D. 
Paull, C. M. Lin, E. Hamel, K. H. Lee, “Synthesis and cytotoxicity of 1,6,7,8-
substituted 2-(4'-substituted phenyl)-4-quinolones and related compounds: 
identification as antimitotic agents interacting with tubulin”, J. Med. Chem., 36, 
1146-1156, 1993. 
6.      Y. Xia, Z. Y. Yang, P. Xia, K. F. Bastow, Y. Tachibana, S. C. Kuo, E. Hamel, T. 
Hackl, K. H. Lee, “Antitumor agents. 181. Synthesis and biological evaluation of 
6,7,2',3',4'-substituted-1,2,3,4-tetrahydro-2-phenyl-4-quinolones as a new class of 
antimitotic antitumor agents”, J. Med. Chem., 41, 1155-1162, 1998. 
7.  Y. L. Chen, I. L. Chen, C. C. Tzeng, T. C. Wang, “Synthesis and cytotoxicity 
evaluation of certain α-methylidene-γ-butyrolactones bearing coumarin, flavone, 
xanthone, carbazole, and dibenzofuran moieties”, Helv. Chim. Acta., 83, 989-994, 
2000. 
8.  R. B. Silverman, “Organic chemistry of drug design and drug action”, Academic 
press San Diego, 1992.  
9.  L. A. Thompson, J. A. Ellman, “Synthesis and applications of small molecule 
libraries”, Chem. Rev., 96, 555-600, 1996. 
10.  G. F. Robert, “Recent advances in the preparation of heterocycles on solid support: a 
review of the literature”, J. Comb. Chem., 2, 195-214, 2000. 
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Quinoline derivatives are known to have wide spectrum of therapeutic activities such 
as: analgesic [11,12], bactericidal [13], anti-inflammatory [14,15], antidepressant [16], 
herbicidal [17], anticonvulsant [18], antitumor [19,20], antiplatlet [21-23], antiviral [24], 
antithyroid [25], antiarterioscierotics [26], antihypertensive [27],  antithrombotic [28], 
antiallergic [29,30], antimalarial [31] etc. 
 
11.  S. Mehrotra, J. P. Barthwal, T. K. Gupta, K. P. Bhargava,  “Substituted quinolines as 
monoamine oxidase inhibitors and  analgesics”, Ind. J. Physiol. Pharmacol., 26, 
253-257, 1982. 
12.  F. Clemence, M. Fortin, M. O. Le, F. Delevallee, “Preparation of N-acyl-8-
aminodecahydroquinolines as analgesic agents”, Fr. Demande, 17, 1987, Chem. 
Abstr., 109, 22848d, 1989. 
13.  S. Vurbanova, S. Chervenkov, “Synthesis of new 2-(alkoxy-and 
 alkoxyhydroxystyryl)quinoline bases and of their hydrochloride with  expected 
 biological action”, Chem. Abstr., 107, 77601g, 1987. 
14.  Jinbo, Susuma, Kohno, S. Kashima, Koichi, Suzuki, Yasuo, Kazuo, E. Mochida; “4-
Oximino-1,2,3,4-tetrahydroquinoline derivatives” Chem. Abstr. 104, 68761v, 1986. 
15.  A. Kreft, K. L. Kees, J. H. Musser, J. J. Bicksler, “Preparation of substituted 
 quinolines and benzazoles as antiinflammatories”, Chem. Abstr., 107, 96605c, 1987. 
16.  J. Archibald, W. Leheup, J. Terence, “Preparation of 
piperidinylureidocarbonylquinolines as antidepressants”, GB-2182935, Chem. Abstr., 
107, 198110e, 1987. 
17.  H. Helmut, E. Ulrich, P. Peter, M. Norbert, W. Bruno. “Quinoline  derivatives, their 
 preparation, and their use as herbicides”, Chem. Abstr., 107, 96606d, 1987. 
18.  S. Jacques, B. Robert, K. Peter Eugene, V. Jean Claude, Preparation of dihydro 
quinolonecarboxamides as anticonvulsants and psychotropics”, FR-2593811, Chem. 
Abstr., 108, 94413k, 1988. 
19.  G. J. Atwal, B. Baguley, C. D. Bos, W. A. Denny, “Potential antitumor agents. 56. 
Minimal DNA-intercalating ligands as antitumor drugs: phenylquinoline-8-
carboxamides”, J. Med. Chem., 31, 1048-1052, 1988. 
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20.  R. G. Sanders, K. Kline, L. Hurley, “Preparation of  tocopherols, tocotrienols, other 
chroman and side chain derivatives that induce cell apoptosis for therapeutic use as 
antiproliferative  agents”,  Chem. Abstr., 135, 166941p, 2001. 
21.  T. C. Wang, Y. L. Chen, C. C. Tzeng, S. S. Liou, Y. L. Chang, C. M. Teng, 
“Antiplatelet α-methylidene-γ-butyrolactones. Synthesis and evaluation of quinoline, 
flavone, and xanthone derivatives”, Heiv. Chem. Acta., 79, 1620-1626, 1996. 
22.  M. C. Hsich, L. J. Huang, T. S. Wu, K. H. Lee, C. Teng, S. C. Kuo, “Synthesis and 
antiplatelet activity of 3,5,6,7,8,2',3' and 4'- disubstituted 2-phenyl-4-quinolones” 
Chin. Pharm. J., 50, 277-288, 1998. 
23.  T. C. Wang, Y. L. Chen, C. C. Tzeng, S. S. Liou, W. F. Treng, Y. L. Chang, C. M. 
Teng, “α-Methylidene-γ-butyrolactones. Synthesis and evaluation of quinolin-2(1H)-
one derivatives”, Heiv. Chem. Acta.,  81, 1038-1047, 1998. 
24.  J. Tucker, V. A. Alan, S. J. Vaillancourt, R. K. Walter, M. E. Rene, M. M. Schnute, 
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Quinolines and their derivatives are very important in medicinal chemistry because of 
their wide occurrence in natural products and drugs [32-34]. Quinine had been used in the 
West since 1640 to treat the high temperature, fever and headache caused by malaria. In 
1842, Charles Gerhardt showed that quinine, on fusion with KOH, yielded quinoline. Within 
a few years quinoline was becoming cheaply available from coal-tar distillation. It was a 
short step to see if quinoline was an analgesic/antipyretic.  
Quinoline compounds are of considerable interest because some of them have anti 
malarial properties. For instance, the quinoline structural unit is common to antimalarial 
drugs (Scheme 1) so it is not surprising that the searches for new antimalarial drugs are 
focused on quinoline derivatives.  
 
 
 
 
 
 
29.  T. Hidetsugu, Y. Shinobu, A. Masayoshi, S. Mitsuru, M. Osamu,  “Preparation of 
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131, 73569a, 1999. 
30.  T. Hidetsugu, N. Shigenori, K. Nobuyuki, Y. Shinobu, A. Yasuo;  “Quinolinone 
glycoside, production process, and anti-allergic agent”, Eur. Pat. Appl. EP 933378, 
1999, Chem. Abstr., 131, 116454d, 1999. 
31.  K. J. Raynes, P. A. Stocks, S. Ward, “4-aminoquinolines as antimalarials”, Chem. 
 Abstr., 133, 193087e, 2000. 
32.  J. P. Michael, “Quinoline, quinazoline and acridone alkaloids”, Nat. Prod. Rep.,21 
650-668, 2004.  
33. J. P. Michael, “Quinoline, quinazoline and acridone alkaloids 
”, Nat. Prod. Rep., 20, 476, 2003. 
34.  D. Wu, “Towards new anticancer drugs: a decade of advances in synthesis of 
camptothecins and related alkaloids”, Tetrahedron, 59, 8649-8687, 2003. 
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Now a days malaria has become one of the most striking and widespread infectious 
diseases. There are some 300-500 million cases resulting in 1-3 million deaths per year, 
mostly of which are children under the age of five. Humans are affected by four types of 
protozoa parasite which are Plasmodium: vivax, ovale, malariae, and falciparum. Of these, 
falciparum is the most virulent. The life cycle of the parasite is complex and incompletely 
understood. During the course of its life cycle, the parasite resides in several cells in both 
human-host and mosquito-vector, at various developmental stages and forms. Malaria 
reemerged mainly as a consequence of developing parasite resistance.  
This resistance to quinoline-based drugs prevents the drug from accumulating in the 
food vacuole [35] and the location of the target site [36]. Leading proposals for the 
mechanism of resistance include changes in the transmembrane quinoline-drug flux in either 
the cytoplasmic or food-vacuole parasitic membranes, or pH alteration within the food 
vacuole. For half a century, chloroquine was extensively used as the major antimalarial 
throughout the world, affecting the RBC stage of the parasite. Chloroquine is a synthetic 
analogue of the oldest known antimalarial quinine. It is clinically more effective than 
quinine, as well as being inexpensive. The interaction of quinolines with hematin has been  
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well established and studied over the years, and was initially proposed in 1967 by Macomber 
et al. for chloroquine [37].  
Kaschula et. al [38] have studied the mechanism of biological action for a series of 7-
substituted 4-alkylaminoquinolines. They established that aminoquinolines accumulate in 
food vacuoles of the parasite via pH trapping. The accumulation leads to an increase of pH in 
these organelles which interferes with the parasite’s ability to metabolize and utilize 
hemoglobin from the victim’s erythrocytes. The trapping ability depends on the pKa values 
of the available protonation sites in quinolines. The pKa values are in turn related to the 
electron donating ability and electronic structure of substituted quinolines. The nature of 
substituents, which are likely to enhance drug activity was suggested as being moderately 
electron-withdrawing and strongly lipophilic. 
N
HN
N
CH3
CH3
X
X= NH2, OH, OCH3, H, F, Cl, Br, I, CF3
 7-Substituted 4-Aminoantiplasmodials  
 
 
35.  T. E. Wellems, C. V. Plowe, “Chloroquine-resistant malaria”, J. Inf. Dis., 184, 770-
776, 2001. 
36.  P. G. Bray, M. Mungthin, R. G. Ridley, S. A. Ward, “Access to hematin: The Basis of 
chloroquine resistance”, Mol Pharmacol., 54, 170-179, 1998. 
37. P. B. Macomber, H. Sprinz, A. J. Tousimis, “Morphological effects of 
 chloroquine on plasmodium berghei in mice”, Nature, 214, 937-939, 1967. 
38.  C. H. Kaschula, T. J. Egan, R. Hunter, N. Basilico, S. Parapini, D. Taramelli, E. 
Pasini, D. Monti, “Structure-Activity Relationships in 4-aminoquinoline 
antiplasmodials. The role of the group at the 7-position”, J. Med. Chem., 45, 3531-
3539, 2002. 
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 Among these various types of quinolines, 2-chloro-3-formyl-quinolines occupy a 
prominent position as they are key intermediates for further [b]-annelation of a wide variety 
of rings and for various functional group interconversions [39]. The applications of these 
methodologies have yielded beside the huge number of new quinolines derivatives new 
synthetic approaches for alkaloids such as camptothecin, [40] luotonin A, [41] 22-
hydroxyacuminatine [42] or nothapodytine [43].   
 
N
CHO
Cl N
N
O
O
OHO
Camptothecin
 
 
 
 
 
 
 
 
39.  O. Meth-Cohn, “The synthesis of pyridines, quinolines and other related systems  by 
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Lett., 3, 4255-4257, 2001. 
41. S. P. Chavan, R. Sivappa, “A short and efficient general synthesis of luotonin A, B 
and E”, Tetrahedron, 60, 9931-9935, 2004.  
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synthesis of nothapodytine B”, J. Org. Chem., 67, 4304-4308, 2002. 
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Taylor et. al have described the first [c]-annelation of this type of quinoline by 1,5-
electrocyclisation of azomethine ylides [44]. This conversion gives a direct route to the 
hardly accessible pyrrolo[3,4-c]quinoline ring system [45]. It is a new, one-step route from 
simple starting materials to the challenging pyrrolo[3,4-c] quinoline ring system via the 1,5-
dipolar electrocyclisation reaction of non-stabilised azomethine ylides. 
 
N
CHO
Cl N Cl
N
CH3
R1
R2
R1
R2
N Cl
R1
R2
N
CH3
N O
R1
R2
N
CH3
HN
H
O
R1
R2 N
N
CH3
Ph
H
H
O
O
N
H
O
R1
R2 N
N
CH3
Ph
H
H
O
O
Sarcosine
Xylene
140 0C
N-phenylmaleimide
R1 = R2 = H
R1 =H, R2 = OCH3
R1 = CH3, R2 = H
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
44.  E. C. Taylor, I. J. Turchi, “1,5-Dipolar cyclizations”, Chem. Rev., 79, 181-231, 1979. 
45.  A. Viranyi, M. Nyerges, G. Blasko, L. Toke, “A convenient synthesis of pyrrolo[3,4-
c]quinolines”, Synthesis, 2655-2660, 2003. 
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Toth et. al [46] synthesized some quinoline derivatives from 2-chloro-3-formyl 
quinoline moiety. They have described the three-component reaction of aromatic aldehydes, 
sarcosine, and paraformaldehyde, with a view to preparing 3-methyl-5-aryl-oxazolidines, 
which were valuable intermediates for further elaboration to 2-dimethylamino-1-
phenylethanols. This process utilizes a 1,3-dipolar cycloaddition reaction, which generally 
affords a simple and convenient method for the regio- and stereoselective construction of a 
variety of complex pyrrolidine derivatives. Based on these results, they have synthesized 
with multicomponet reactions MCR a variety of 5-(3-quinolyl)-oxazilidine [47].  
 
N N
R2 R1
NHCOCH3
R1
R2
Cl
CHO R2
R1
Cl
O
N
R3
DMF
POCl3
90 0C
CH3
N
Toluene
110 0C
 
 
 
 
 
Raghavendra et. al [48] have reported some thiadiazepino[7,6-b]quinolines from 2-
chloro-3-formyl quinolines.  Particularly, five and six membered heterocyclic compounds 
containing one or two heteroatoms fused to a quinoline ring in linear fashion are found in 
natural products as well as in synthetic compounds of biological interest have antitumor and 
anticancer properties [49,50].  
N
R3
R1
Cl
CHO S
N
H
N
H
NH2H2N
N
R3
R1
Cl
N
NH
NH
S
NH2
N
R3
R1
S
N
N
HN NH2
R2 R2
R2
p-TsOH
4-5 min
 power 2
MW
(2a)  R1= R2=R3=H
(2b)  R1= R3=H, R2=CH3
(2c)  R1= CH3, R2=R3=H
(2d)  R1= R2=H, R3=CH3
(2e)  R1=Cl, R2=R3=H
(2f)   R1= R3=H, R2=OCH3
(2g)  R1= R2=H, R3=OCH3
(2h)  R1= OCH3, R2=R3=H
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An efficient and convenient procedure has been developed by them for the synthesis 
of 2-hydrazino-[1,3,4]thiadiazepino[7,6-b]quinolines in good yields. It achieved by the 
reaction between corresponding 2-chloro-3-formyl-quinoline and carbidimide in specially 
designed microwave oven in presence of p-TsOH and dimethylformamide. The reaction 
proceeded through the intermediate Schiff base, which was formed by the condensation of 
aldehyde group of quinoline and amine group of carbidimide followed by the intramolecular 
nucleophilic substitution of chlorine at C-2 of quinoline ring. The structure of the compounds 
was confirmed on the basis of elemental analysis and spectral data. 
 
 
 
 
 
 
 
46. J. Toth, G. Blasko, A. Dancso, L. Toke, M. Nyerges, “Synthesis of new quinoline 
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“Triazole antifungals 2. Synthesis and antifungal activities of 3-acyl-4-
methyloxazolidine derivatives”, Chem. Pharm. Bull., 38, 2476-2486, 1990. 
48.  M. Raghavendra, H. S. Bhojya Naik, B. S. Sherigara, "One pot synthesis of some new 
2-hydrazino-[1,3,4]thiadiazepino [7,6-b]quinolines under microwave irradiation 
conditions”, Arkivoc, 15, 153-159, 2006.   
49.  M. Gopal, S. Veeranna, L. S. Doddamani, “Intercalation Binding of 4-
Butylaminopyrimido[4',5':4,5]selenolo(2,3-b)quinoline to DNA: relationship with in 
vitro cytotoxicity”, Spectrosc. Lett., 37, 347-366, 2004.  
50.  R. L. Pilar, A. Quintero, R. Rodríguez-Sotres, J. D. Solano, A. L. Rocha, “Synthesis 
and evaluation of 9-anilinothiazolo[5,4-b]quinoline derivatives as potential 
antitumorals”, Eur. J. Med. Chem., 39, 5-10, 2004. 
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Naik et. al [51] have synthesized thieno[2,3-b]benzo[1,8]naphthyridine-2-carboxylic 
acid derivatives under microwave irradiation condition. They have been synthesized required 
key intermediate N-(4-methylquinolin-2-yl)acetamide by the reaction of 2-amino-4-
methylquinoline and acetic anhydride in the presence of Amberlite-120A catalyst in 
microwave irradiation. In second step the quinoline derivatives are synthesized by adding 
Vilsmeier-Haack reagent to cyclise N-(4-methylquinolin-2-yl)acetamide carried out by 
adding POCl3 to the substrate in DMF. The reaction mixture was irradiated in microwave 
oven resulting in 2-chloro-3-formylbenzo[1,8]naphthyridines in a short reaction time. They 
confirmed the structures of the new compounds by various spectroscopic techniques and 
elemental analysis. 
N N N N
AC2O
Amberlite-120A
DMF
POCl3
R1
CH3
NH2
R1
CH3
H
N
O
CH3
Cl
OCH3
R1
HSCH2COOR2+
K2CO3
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MW
N N SCH2COOR2
OCH3
R1
N N
CH3
R1
S
O
OR2
R1 = H, CH3, OCH3, Br
R2 = CH3, C2H5
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thieno[2,3-b]benzo[1,8]naphthyridine-2-carboxylic acids under microwave irradiation 
and interaction with DNA studies”, Arkivoc, 15, 84-94, 2006. 
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Nandhakumar et. al [52] synthesized some newer diazepino quinoline derivatives via 
Vilsmeier Haack reagent and studied its microbial activity. They have demostrated utility of 
Vilsmeier Haack reagent on 4-hydroxyquinaldines resulting in some efficient and potential 
intermediates towards the syntheses of newer diazepino systems. They have examined in 
vitro antibacterial and antifungal activity profile of a variety of substituted novel diazepino 
quinolines and the intermediate quinolines against the bacterial strains viz., Aeromonos 
hydrophilla, Escherichia coli and Salmonella typhi and the fungal strains viz., Aspergillus 
flavus, Penicillium funiculosum, Alternaria macrospora, Fusarium oxysporum respectively 
and gave a structure activity correlation.  
N
R4
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R2
R1
Cl
CHO
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NH2-NH2 H2O
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EtOH
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They have concluded that compounds with chloro or the dimethyl functional groups 
in the heterocyclic moiety plays an important role in biological response. Nonetheless, the 
diazepines show significant antibacterial and antifungal activities, when compared to the 
intermediate quinolines. The cytogenetic studies showed its importance, as the compounds 
do not have any chromosomal aberrations in the lower doses.  
 
52. R. Nandhakumar, T. Suresh, A. L. Calistus Jude, V. Rajesh, P. S. Mohan “Synthesis, 
antimicrobial activities and cytogenetic studies of newer diazepino quinoline 
derivatives via Vilsmeier Haack reaction”, Eur. J. Med. Chem., 42,1128-1136, 2007. 
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Rajanna et. al [53] have synthesize some 2-chloro-3-acetyl quinolines derivatives by 
acetylation in micellar media. Aromatic compounds when treated with POCl3/ DMA in the 
presence of cetyltrimethyl ammonium bromide (CTAB), sodium dodecyl sulphate (SDS), 
and Triton-X100 in CH3CN under reflux condition for 45–90 min afforded the corresponding 
acetophenones in good yields. In the same way, this method of Vilsmeier Haack acetylation, 
by employing POCl3/DMA, is extended for the synthesis of 2-chloro-3-acetylquinolines from 
acetanilides via cyclization. 
 
N
COCH3
ClNHCOCH3
R RI, II, III
 (I)  POCl3 – DMA, CTAB, CH3CN
(II)  POCl3 – DMA, SDS, CH3CN
(III) POCl3 – DMA, TX-100,CH3CN
 
 
They have concluded that the aromatic compounds are acetylated efficiently. 
Furthermore, these trends are also seen in the case of cyclization of acetanilides, where 
activated as well as deactivated acetanilides are cyclized to afford 2-chloro-3-
acetylquinoline. They noticed that micelles are acting as promoters in the acetylation of 
aromatics as well as in the cyclization of acetanilides. It is also observed that in the absence 
of micelles (surfactant), reaction is very sluggish under thermal conditions and micelles by 
their solubilization capability increase the reactant concentration within the hydrophilic or 
hydrophobic micellar regions facilitating the reaction. This method clearly indicated the 
direct acetylation as well as cyclization could be achieved successfully by employing CTAB, 
SDS and Triton-X100 as catalysts under Vilsmeier-Haack reagent conditions, which is not 
possible under classical thermal conditions.  
 
53.  K. C. Rajanna, M. Moazzam Ali, S. Sana, Tasneem, P. K. Saiprakash,  “Vilsmeier 
Haack acetylation in micellar media: an efficient one pot synthesis of 2-chloro-3-
acetylquinolines”, J. Disper. Sci. Tech. 25, 17–21, 2004. 
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Rajanna et. al [54] have also reported cyclization of acetanilides with Vilsmeier 
Haack reagent under ultrasound irradiation conditions. A solution of acetanilides and 
Vilsmeier Haack reagent (formed from POCl3/DMF) in 1,2-dichloroethane was immersed in 
an ultrasonic bath for 60 min at 400C and the subsequent usual workup and purification gave 
the corresponding 2-chloro-3-formylquinolines in excellent yield. In marked contrast, 
however, reaction under thermal condition resulted in formation of 2-chloro-3-formyl 
quinoline in (68%) yields, and in most of the cases the intermediate formamidine is isolated 
in good yield. 
N
CHO
ClNHCOCH3
R R
DMF + POCl3
Cl-CH2-CH2-Cl
Ultrasound, 1h
400C R =  4-CH3
        4-OCH3
        3-NO2
        4-Br
        4-Cl
 
 
They concluded that the use of ultrasound irradiation for the Vilsmeier Haack 
cyclisation and formylation appears to be a viable alternative to classical thermal procedures. 
The present process is of practical significance as it is rapid, high yielding, involves simple 
work up under mild reaction conditions and is applicable to both Vilsmeier cyclisation and 
formylation reactions. 
 
 
 
 
 
54.  K. C. Rajanna, M. Moazzam Ali, S. Sana, Tasneem, P. K. Saiprakash,  
“Ultrasonically accelerated Vilsmeier Haack cyclisation and formylation reactions”, 
Synth.Commun., 32(9), 1351–1356, 2002. 
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Section: 2 Syntheses of bisquinolines 
There are several different methods reported for the syntheses of quinoline and its 
derivatives [55-59]. Meth-Cohn synthesis [60] is one of them. It involves the conversion of 
acylanilides into 2-chloro-3-substituted quinolines by the action of Vilsmeier Haack reagent 
in warmed phosphorus oxychloride (POC13) as a solvent. 
The Vilsmeier Haack reagent is an efficient, economical and mild reagent for the 
formylation of reactive aromatic and hetroaromatic substrates [61,62]. It is also the key 
intermediates for various chemical transformations from other classes of compounds. Many 
of these reactions have led to novel and convenient routes for the synthesis of various 
heterocyclic compounds. Nevertheless, its importance in various synthetic methodologies 
[63-67].  
 
55.   J. A. Moore, E. C. Capaldi, “The oxidative cyclization of 2,5-
dihydroxyphenylalkylamines to 5-hydroxyindoles and 6-hydroxyquinolines”, J. Org. 
Chem., 29, 2860-2864, 1964. 
56.   K. Nyu, T. Kametani, T. Yamanaku, “Syntheses of heterocyclic compounds.  
CDXVI. Nitrenes. VIII. Novel synthesis of 3-cyano-2-ethoxy-6,7-disubstituted-
quinolines with triethyl phosphite”, Chem. Pharma. Bull., 19, 1321-1324, 1971. 
57.  C. K. Bradsher, T. G. Wallis, “ -Acyl-o-tolunitriles as intermediates in the 
preparation of 3-substituted isoquinolines and 1-amino-2-benzopyrylium derivatives”, 
J. Org. Chem., 43, 3817-3820, 1978. 
58.  M. Lancaster. D. J. Smith, “Preparation and  some reactions of benzazetidines”, J. 
Chem. Soc. Chem. Commun.,11, 471-472, 1980. 
59.  O. Meth-Cohn, B. Narine, B. Tarnowski, “A versatile new synthesis of quinolines and 
related fused pyridines, Part 5. The synthesis of 2-chloroquinoline-3-carbaldehydes”, 
J. Chem. Soc., Perkin Trans-1, 1520-1530, 1981. 
60. O. Meth-Cohn, Heterocycles, 35, 539, 1993. 
61.  O. Meth-Cohn, B. Narine, “A versatile new synthesis of quinolines, thienopyridines 
and related fused pyridines”, Tetrahedron Lett. 23, 2045-2048, 1978. 
62. H. L. Bell, M. McGuire, G. A. Freeman, “Chemistry of 5-pyrimidine 
 carboxaldehydes”, J. Heterocyclic Chem. 20, 41-44, 1983. 
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The classical Vilsmeier Haack reagent, however, involves electrophilic substitution of 
an activated aromatic ring with a halomethyleniminium salt to yield the corresponding 
iminium species, which facilitates easy entry into large number of novel and biologically 
potential heterocyclic systems. Herein, we wish to report the synthesis of some quinolines 
derivatives based on Vilsmeier Haack cyclisation. 
 
 
 
 
 
 
 
 
63. M. Venugopal, P. T. Perumal, “A new method for the synthesis of chloroindenes by 
Vilsmeier reagent”, Synth. Commun., 21, 515-519, 1991. 
64.  D. R. Adams, J. N. Dominguez, J. A. Perez, “Synthesis of quinolines by reaction  of 
anilinobutenoates”, Tetrahedron Lett., 24, 517-518. 1983. 
65. K. Dinakaran, P. T. Perumal, “Microwave induced formation of 3-chloro-5-arylpenta-
2,4,-dien-1-als and 3-chloro-(5-formylaryl)penta-2,4-dien-1-als by  Vilsmeier 
reaction” Ind. J. Chem., 39B, 135-136, 2000 
66. M. Parameswara Reddy, G. S. Krishna Rao, “Applications of the Vilsmeier reaction-
13. Vilsmeier approach to polycyclic aromatic hydrocarbons”, J.Org. Chem., 46, 
5371-5373, 1981. 
67. R. Alan Katritzky, M. Charles, M. Marson, “Synthesis of a dodecahydro-18, 21-
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Synthesis of symmetric double acetamides (SDA) 
 A 0.02 mol acetic anhydride was added dropwise to 250 ml round bottomed flask 
containing 0.01 mol diamine in 20 ml ethanol and 0.1 ml concentrated sulphuric acid and 
refluxed for 2-3 h. The progress of reaction was monitored by TLC. The solvent was distilled 
off and product was isolated from water, filtered, washed well with distilled water and dried 
at 50 0C. SDAs were recrystallized atleast three times from appropriate solvent system. 
Analytical data of SDAs are reported in Table 5.1. 
 
Z
H2N NH2
R R
Z
H
N
H
N
R R
OO
(CH3CO)2O
Reflux 2-3 h
SDA-1 :  R=H and Z=
EtOH
Con.H2SO4
SDA-2 : R=CH3 and  Z=
SDA-3 : R=H and Z=CH2
 
Synthesis of quinoline derivatives via Vilsmeier Haack reagent  
 In order to synthesize quinoline derivatives, Vilsmeier Haack reagent (0.05 mol) was 
prepared by reacting 32.5 ml phosphorus oxychloride and 9.2 ml dimethylformamide at 0-5 
0C [68]. Thus, 0.05 mol Vilsmeier Haack reagent and 0.025 mol corresponding SDA was 
reacted with stirring at 85 0C for 9-13 h. The progress of the reaction was monitored by TLC.  
The product was isolated from chilled water, filtered, washed well with water and dried at 50 
0C. The products were recrystallized at least three times from ethyl acetate. Analytical data of 
SDQs are reported in Table 5.1 
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Z
R R
NNCl
OHC
Cl
CHO
III
DMF + POCl3
850C
SDQ-1 :  R=H,  Z=
SDQ-2 :  R=CH3,  Z=
SDQ-3 :  R=H,  Z=CH2
Z
H
N
H
N
R R
OO
II
 
 The Vilsmeier Haack reaction on 1, 1’-bis (4-acetamide-3-R phenyl)Z provided a 
vital and efficient intermediate for the synthesis of several newer substituted heterocyclic 
compounds. Therefore, the Vilsmeier Haack reaction on II at 850C provided a facile method 
for the generation of efficient and novel quinoline derivatives. The Vilsmeier Haack reagent 
is normally applied for the formylation of aromatic and heteroaromatic compounds. The in 
situ formation of the chloromethyleniminium species (derived from phosphorus oxychloride-
dimethyl formamide) is responsible for the formylation, which reacts with the active methyl 
group of II to yield III [69].  
 
 
68. G. A.Reynolds, C. R. Hauser, “Org Synth Coll. Vol. 3”, edited by E.C. Horning, Eds. 
New York, 593, 1955. 
69. J. J. Li. “Name reactions in hetrocyclic chemistry”, John Wiley & Sons, 445. 
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Table 5.1:   Analytical data of SDA-1 to SDA-3 and SDQ-1 to SDQ-3 
 
TLC data 
Code R M.F. 
 
M.W. 
m.p.
0C 
Solvent 
system 
Rf 
value 
Time, 
h 
Yield, 
% 
SDA-1 H 
C22H26N2O2
 
350 116 
CF : MeOH
(90:10 v/v) 
0.74 2.5 78.5 
SDA-2 CH3
C24H30N2O2
 
 
378 240 
CF : MeOH
(90:10  v/v)
0.68 2.0 81.4 
SDA-3 H 
C17H18N2O2 
 
282 131 
Hex.:EA 
(70:30  v/v)
0.70 3.0 84.8 
SDQ-1 H 
C26H20N2O2Cl2
 
463 170 
CF : MeOH
(90:10  v/v)
0.65 10.5 71.4 
SDQ-2 CH3
C28H24N2O2Cl2
 
 
491 213 
CF : MeOH
(90:10  v/v)
0.58 12.5 68.8 
SDQ-3 H 
C23H16N2O2Cl2 
 
422 154 
Hex.:EA 
(70:30  v/v)
0.63 9.5 74.2 
CF: Chloroform, MeOH: Methanol, EA: Ethyl acetate, Hex. : Hexane 
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Section: 3 Spectral characterizations 
UV spectral analysis 
 UV spectra of SDA-1 to SDA-3 and SDQ-1 to SDQ-3 were scanned on a Shimadzu – 
1700 U.V. spectrophotometer using 1, 4-dioxane as a solvent at room temperature. UV 
spectra of SDA-1 to SDA-3 and SDQ-1 to SDQ-3 are shown in Figs. 5.1 to 5.3. Wavelength 
of maximum absorption (λmax) of all the compounds are reported in Table 5.2 from which it 
is observed that a considerable change is observed in case of SDA-2 and SDQ-2 probably 
due to methyl substitution in the aromatic ring, which has also caused high melting point as 
compared to remaining two types of the compounds.  
IR spectral analysis 
 IR spectra of SDA-1 to SDA-3 and SDQ-1 to SDQ-3 were scanned over the 
frequency range of 4000-400 cm-1 on a Shimadzu FTIR- 8400 spectrophotometer. IR spectra 
of SDA-1 to SDA-3 and SDQ-1 to SDQ-3 are shown in Figs. 5.4-5.9. The characteristic 
absorption frequencies of the said compounds are reported in Tables 5.3 and 5.4. 
The absorption bands due to C=O stretching, N-H stretching and bending vibration 
and C-N stretching of amide group of SDA-1 to SDA-3 are observed over the frequency 
range of 1667-1664, 3304-3295 and 1319-1262 cm-1, respectively, while absorption bands 
due to C=O stretching of -CHO group, C=N and C-N stretching of quinoline ring and C-Cl 
stretching of SDQ-1 to SDQ-3 are observed over frequency range of 1696-1694, 1580-1576, 
1341-1335 and 752-733 cm-1, respectively. Thus, disappearance of absorption bands due to 
amide group and appearance of new bands due to quinoline ring confirmed cyclization 
reaction of SDAs. 
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Fig. 5.1: UV spectra of SDA-1 and SDQ-1 
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Fig. 5.2: UV spectra of SDA-2 and SDQ-2 
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Fig. 5.3: UV spectra of SDA-3 and SDQ-3 
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Table 5.2:  UV spectral data (1, 4-dioxane) of SDA-1 to SDA-3 and SDQ-1 to SDQ-3 
 
Code SDA-1 SDA-2 SDA-3 SDQ-1 SDQ-2 SDQ-3 
λmax, nm 
253.4 
221.0 
246.2 
220.6 
 
255.2 
221.2 
 
253.2 
299.4 
263.8 
254.3 
221.2 
256.0 
302.5 
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Fig. 5.4: IR spectrum of SDA-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.5: IR spectrum of SDQ-1 
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Fig. 5.6: IR spectrum of SDA-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.7: IR spectrum of SDQ-2 
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Fig. 5.8: IR spectrum of  SDA-3 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Fig. 5.9: IR spectrum of SDQ-3 
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Table 5.3: IR characteristic frequency of SDA-1 to SDA-3 
 
Frequency, cm-1
Observed Reported Type 
Vibration 
mode 
SDA-1 SDA-2 SDA-3  
C-H str. 
(asym.) 
2938.7 2933.8 2926.1 2972-2952 
C-H str. 
(sym.) 
2859.6 2854.7 2854.7 2885-2860 
C-H def. 
(asym.) 
1449.6 1446.7 
1454.4 
1437.0 
1470-1435 
C-H 
def.(sym.) 
1369.5 1369.5 1369.5 1395-1370 
Alkane (-CH2- 
and -CH3) 
-CH2 
Scissoring 
1019.4 1039.7 1016.5 1055-1000 
C=C ring str. 
skeletal 
1599.0 
1533.5 
1510.3 
1589.4 
1518.0 
1467.9 
1601.0 
1539.3 
1512.2 
1585-1480 
C-H i.p. def. 1111.0 1124.5 1113.0 1125-1090 
Aromatic di and 
tri substituted 
ring 
C-H o.o.p. 
def. 
852.6 
823.6 
817.9 819.8 860-810 
20 amine 3304.2 3294.5 3304.2 3300-3500 
Amine 
C-N Str. 
1318.4 
1261.5 
1305.9 
1319.4 
1267.3 
1350-1280 
Ketone -C=O 1663.7 1666.6 1664.6 1700-1680 
 
 
 
 
 
 
 
 
  
 
Spectral… 
 
  261
 
Table 5.4: IR characteristic frequency of SDQ-1 to SDQ-3 
 
Frequency, cm-1
Observed Reported Type 
Vibration 
mode 
SDQ-1 SDQ-2 SDQ-3  
C-H str. 
(asym.) 
2933.8 2931.9 2922.3 2972-2952 
C-H str. (sym.) 2858.6 2858.6 2875.9 2885-2860 
C-H def. 
(asym.) 
1450.5 1491.0 1435.1 1470-1435 
C-H def.(sym.) 1369.5 - 1385.2 1395-1370 
Alkane (-CH2- 
and -CH3) 
-CH2 
Scissoring 
1047.4 1041.6 1053.2 1055-1000 
C=C ring str. 
skeletal 
1493.0 
1491.0 
1452.5 
1577.8 
1537.3 
1510.3 
1585-1480 
C-H i.p. def. 1130.2 1128.4 1118.5 1125-1090 
Aromatic 
substituted ring 
C-H o.o.p. def. 
889.2 
831.6 
885.4 835.2 860-810 
Aldehyde Ar-CHO Str. 1695.4 1695.5 1693.3 1715-1695 
-C=N- Str. 1576.9 1579.8 1647.4 1650-1580 
Quinoline ring 
C-N Str. 1334.8 1340.6 1334.8 1350-1280 
 C-Cl 752.3 733.0 750.3 750-700 
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1H NMR spectral analysis   
The NMR spectra were scanned on a Brucker FTNMR (Avance II 400 MHz) 
spectrometer by using DMSO (SDA-1 and SDQ-1) or CDCl3 (SDA-2 and SDQ-2) as a 
solvent and TMS as an internal standard. 1HNMR spectra of above mentioned compounds 
are shown in Figs. 5.10 and 5.13. 1H NMR chemical shifts (ppm), coupling constants (J) and 
types of protons of said compounds are reported in Table 5.5 along with predicted chemical 
shift values. The peak due to residual DMSO-d6 and CHCl3 is observed at about 2.47 and 
7.26 ppm either as a separate peak or overlapped with aromatic protons. Coupling constants 
and integration areas under each peak were observed in accordance to labeled protons.  
13C NMR spectral analysis  
13C NMR spectra of compounds were recorded on a Bruker FTNMR (Avance II 400 
MHz) spectrometer by using CDCl3 (SDA-2 and SDQ-1) and DMSO + CDCl3 (SDA-1 and 
SDQ-2) as solvents. 13C NMR and DEPT-135 spectra of SDA-1, SDA-2, SDQ-1 and SDQ-2 
are shown in Figs. 5.14 to 5.21. Chemical shifts (ppm), and types of carbon atoms of SDA-1, 
SDA-2, SDQ-1 and SDQ-2 are recorded in Table 5.6. Solvent DMSO and CHCl3 appeared at 
about 38.88-40.14 (multiplet) and 76.77-78.40ppm (triplet) as a separate peak, respectively. 
In spectrum of SDQ-2 there is one less carbon peak due to merging of both C-9 and C-10. In 
SDQ-1 and SDQ-2 increase in the number of carbon atoms as compared with SDA-1 and 
SDA-2 confirmed the cyclization. DEPT-135 spectra of  SDA-1 showed six signals due to 
one CH3 [22.35 (C1)], three CH2 [23.69 (C2), 25.80 (C3), 36.39 (C4)] and two aromatic CH 
[119.03 (C6), 126.66 (C7)], while SDA-2 showed eight signals due to two CH3 [18.15 (C1), 
22.80 (C2)], three CH2 [23.81 (C3), 26.27 (C4), 36.92 (C5)] and three aromatic CH [123.87 
(C7), 125.14 (C8), 129.06 (C9)]. Similarly SDQ-1 showed eight signals due to three CH2 
[22.74 (C1), 26.03 (C2), 36.77 (C3)] and four aromatic CH [126.53 (C6), 127.03 (C7), 133.84 
(C9), 147.47 (C11)] and one -CHO [189.08 (C14)], while SDQ-2 showed eight signals due to 
one CH3 [17.48 (C1)], three CH2 [22.20 (C2), 25.48 (C3), 36.05 (C4)], three aromatic CH 
[124.47 (C6), 133.31 (C10), 140.17 (C12)] and one CHO [188.79 (C15)]. Thus DEPT-135 
spectra were found useful in identifying different types of carbon with number of H-atoms 
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Fig. 5.10: 1H NMR spectrum of SDA-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.11 1H NMR spectrum of SDQ-1 
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Fig. 5.12: 1H NMR spectrum of SDA-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.13: 1H NMR spectrum of SDQ-2 
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Table 5.5: 1H NMR chemical shift (ppm) and coupling constant data of  SDAs and SDQs. 
Code Structure Chemical shifts, δppm {predicted values} 
SDA-1 
 
H
N
H
N
OO
α
β
γ
a
b
 
1.468-1.521 [d, 6H,  β + γ  –CH2–],  2.018 [s, 6H,  -
CH3], 2.208 [s, 4H, α -CH2-], 7.142-7.163 [d, 4H, 
Ar-H(a), Jab=8.7], 7.439-7.461 [d, 4H, Ar-H(b), 
Jba=8.7], 9.408 [s, 2H, -NH] 
{1.44 [6H,  β + γ  –CH2–], 2.02 [6H,  -CH3 + 4H, α 
-CH2-], 7.11 [4H, Ar-H(a)], 7.56 [4H, Ar-H(b)], 8.0 
[2H, -NH]} 
SDA-2 
 
H
N
H
N
OO
α
β
γ
a
b
c
 
1.465-1.531 [d, 6H,  β + γ –CH2–],  2.103-2.222 
[m, 16H,  α -CH2- + Ar-CH3 + -CH3], 7.038 [s, 2H, 
-NH] 7.086-7.105 [m, 4H, Ar-H(a+b) Jab=1.6, 
Jba=7.6], 7.542-7.563 [d, 2H, Ar-H(c) Jcb=8.4]  
{1.44[6H,  β + γ –CH2–], 2.02 [6H,  -CH3 + 4H, α -
CH2-], 2.35 [6H, Ar-CH3], 6.91 [2H, Ar-H(a)], 6.92 
[2H, Ar-H(b), 7.44 [2H, Ar-H(c)], 8.0 [2H, -NH]} 
SDQ-1 
 
α
β
γ
a
b NNCl
OHC
Cl
CHOc d
 
1.663-1.671 [d, 6H, β + γ –CH2–], 2.515 [s, 4H, α -
CH2-], 7.780-7.785 [d-d, 2H, Ar-H(b) Jba=8.9, 
Jbc=2], 7.883-7.905 [d, 2H, Ar-H(a) Jab=8.8)], 
8.088-8.092 [d, 2H, Ar-H(c) Jcb=1.6], 8.790 [s, 2H, 
Ar-H(d)], 10.493 [s, 2H, Ar-CHO] 
{1.44 [6H, β + γ –CH2–], 2.02 [4H, α -CH2-], 7.47 
[4H, Ar-H(b)=Ar-H(c)], 7.99 [2H, Ar-H(a)] 8.68 
[2H, Ar-H(d)], 9.61 [2H, Ar-CHO]} 
SDQ-2 
 
α
β
γ
a
b
NNCl
OHC
Cl
CHO
c
 
1.568-1.657 [d, 6H, β + γ –CH2–], 2.172-2.71 [m, 
10H, α -CH2- + -CH3], 7.157 [s, 2H, Ar-H(a)], 
7.578 [s, 2H, Ar-H(b)], 8.700 [s, 2H, Ar-H(c)], 
10.543 [s, 2H, Ar-CHO] 
{1.44 [6H, β + γ –CH2–], 2.02 [4H, α -CH2-], 2.35 
[6H, Ar-CH3], 7.25 [2H, Ar-H(a)], 7.31 [2H, Ar-
H(b)], 8.65 [2H, Ar-H(c)], 9.61 [2H, Ar-CHO]} 
 
 
 
 
  
 
Spectral… 
 
  266
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.14: 13C spectrum of SDA-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.15: 13C spectrum of SDQ-1 
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Fig. 5.16: 13C spectrum of SDA-2 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.17: 13C NMR spectrum of SDQ-2 
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Fig. 5.18: 13C NMR (DEPT) spectrum of SDA-1 
 
 
 
 
 
 
 
 
  
 
 
 
 
Fig. 5.19: 13C NMR (DEPT) spectrum of SDQ-1 
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Fig. 5.20: 13C NMR (DEPT) spectrum of SDA-2 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.21: 13C NMR (DEPT) spectrum of SDQ-2 
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Table 5.6: 13C NMR chemical shifts of SDAs and SDQs. 
Code Structure Chemical shift, ppm  
{predicted value} 
SDA-1 
 
H
N
H
N
OO
1
2
3
45
6
7
8
9
10
 
22.35 (C1), 23.69 (C2), 25.80 (C3), 36.39 (C4), 
40.70 (C5), 119.03 (C6), 126.66 (C7), 136.13 (C8), 
143.05 (C9), 168.20 (C10) 
 
{22.9 (C1), 22.8 (C2), 28.6 (C3), 39.7 (C4), 39.7 
(C5), 122.1 (C6), 128.5 (C7), 136.0 (C8), 141.7 (C9), 
168.9 (C10)} 
SDA-2 
 
H
N
H
N
OO
1
2
3
4
56
7
8
9 10 11
12
13
 
18.15 (C1), 22.80 (C2), 23.81 (C3), 26.27 (C4), 
36.92 (C5), 45.31 (C6), 123.87 (C7), 125.14 (C8), 
129.06 (C9), 130.09 (C10), 132.94 (C11), 145.69 
(C12), 168.98 (C13) 
 
{15.5 (C1), 22.9 (C2), 22.8 (C3), 28.6 (C4), 39.7 
(C5), 40.3 (C6), 122.0 (C7), 125.5 (C8), 130.3 (C9), 
134.8 (C10), 134.9 (C11), 141.6 (C12), 168.9 (C13)} 
SDQ-1 
 
NNCl
OHC
Cl
CH
1
2
34
5
6
7
8
9
10
11
12 13
14
 
22.74 (C1), 26.03 (C2), 36.77 (C3), 46.76 (C4), 
126.48 (C5), 126.53 (C6), 127.03 (C7), 128.81 (C8), 
133.84 (C9), 140.30 (C10), 147.47 (C11), 148.20 
(C12), 150.14 (C13), 189.08 (C14) 
 
{22.8 (C1), 28.6 (C2), 39.7 (C3), 40.5 (C4), 126.3 
(C5), 126.8 (C6), 128.2 (C7), 128.9 (C8), 135.4 (C9), 
136.7 (C10), 142.9 (C11), 144.2 (C12), 147.6 (C13), 
191.0 (C14)} 
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SDQ-2 
 
NNCl
OHC
C
C
1
2
3
45 6
7
8
910
11
12
1314
15
 
17.48 (C1), 22.20 (C2), 25.48 (C3), 36.05 (C4), 
45.87 (C5), 124.47 (C6), 125.62 (C7), 125.96 (C8), 
133.31 (C9+10), 136.28 (C11), 140.17 (C12), 146.87 
(C13), 147.87 (C14), 188.79 (C15) 
{20.2 (C1), 22.8 (C2), 28.6 (C3), 39.7 (C4), 41.1 
(C5), 126.4 (C6), 125.6 (C7), 128.7 (C8), 134.9 (C9), 
135.8 (C10), 137.3 (C11), 143.2 (C12), 147.1 (C13), 
152.1 (C14), 191.0 (C15)} 
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Mass spectral analysis 
 Mass spectra of the SDA-1 to SDA-3 were scanned on a Shimadzu GC-MS-QP 2010 
spectrophotometer by using E.I. (0.7 kV) detector. The ion source temperature was 220oC 
and interface temperature was 240oC. Mass spectra of SDA-1 to SDA-3 are shown in Figs.-
5.22 to 5.24. Important mass spectral fragments of SDA-1 to SDA-3 are recorded in Table 
5.7. An attempt has been made to assign fragments mentioned in Table-5.7, through Scheme-
5.2 to 5.4. Fragmentation of the compound is a complex process and involves a variety of 
reactions namely ionization, decomposition, branching, crosslinking, rearrangement, 
recombination, etc. Upon loss of electron resulted into molecular ion (M+), while loss of 
proton resulted into (M-1)+ ion peak, which further underwent into fragmentation and 
ultimately converted into low molecular mass substances.  
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Fig. 5.22: Mass spectrum of SDA-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.23 Mass spectrum of SDA-2 
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Fig. 5.24: Mass spectrum of SDA-3 
 
 
Table 5.7:    Important mass spectral fragments of SDA-1 to SDA-3 
 
Code m/e 
SDA-1 351, 350, 349, 308, 307, 281, 265, 223, 195, 172, 148, 130, 106, 93, 77, 43 
SDA-2 379, 378, 363, 336, 335, 309, 293, 223, 186, 144, , 130, 120, 106, 91, 77, 43 
SDA-3 283, 282, 240, 239, 198, 197, 182, 181, 180, 106, 93, 77, 43 
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- NH-CO-CH3
- CH2
- N
NH3
H
N
O
H+
H2+
N
O
H
N
O
H2+
N
O
H2+
N
O
H
N
O
H
N
O
2H+
C22H27N2O2
Mol. Wt.: 351
C22H28N2O2
Mol. Wt.: 352
H
N
O
H
N
O
NH
H
N
O
C20H23N2O
Mol. Wt.: 307
C19H20N2O2
Mol. Wt.: 308
NHH2N
C18H21N2O
Mol. Wt.: 281
N
H2N
C12H14N
Mol. Wt.: 172
N
C9H10
Mol. Wt.: 118
H2C
CH3
C8H10
Mol. Wt.: 106
C22H26N2O2
Mol. Wt.: 350
- 3CH2
C15H15
Mol. Wt.: 195
- C6H5
-CH2, + 2H
- 2CH2, + 2H
C18H21N2
Mol. Wt.: 265
C6H7N
Mol. Wt.: 93
C6H5+
Mol. Wt.: 77
- NH2
C9H8N
Mol. Wt.: 130
+ H
-COCH3
-C3H6
Scheme-5.2
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- CH3
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- CH2 - C3H3
- CH3
+ 2H2
C24H30N2O2+
Mol. Wt.: 379
C23H27N2O2
Mol. Wt.: 363
C20H25N2
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C13H16N
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- CH- N
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C17H18N2O2
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Mol. Wt.: 181
C13H10N
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Section: 4 Microbial studies 
 Antibacterial and antifungal activities of quinolines and their intermediates were 
screened for the in vitro growth inhibitory activity against Escherichia coli, Staphylococcus 
aureus and Aspergillus niger by using the disc diffusion method [70, 71]. The compounds to 
be tested were dissolved in DMF to final concentrations (weight/volume) of 0.1 %, 0.2 % 0.3 
% and 0.4 % and soaked in filter paper (Whatman No 4) discs of 6 mm diameter and 1mm 
thickness. Ciprofloxacine and cephalexin were used as standard antibacterial drugs, while 
gentamicine and griseofulvin were used as standard antifungal drugs. The inhibition zones 
were measured after subtracting inhibition due to solvent used. 
The zones of inhibition (mm) at various dilutions for standard drugs and samples after 
correction due to solvent are reported in Table 5.8 from which it is observed that as 
compared to standard drugs compounds possess moderate to good antibacterial activity and 
antifungal activity. It is interesting to note that methyl substitution and methylene bridge 
caused reduction in the biological activity especially antifungal activity. SDQ-1 to SDQ-3 are 
some what more biologically active than those of SDA-1 to SDA-3. 
 
 
 
 
 
 
 
 
 
 
70.  R. Nandhakumar, H.Vishwanathan, T. Suresh, P.S. Mohan “Antibacterial activity of 
Mappia foetida leaves and stem” Fiototerapia, 73, 734-736, 2002. 
71.   R. Karvembu, K. Natarajan, “Synthesis and spectral studies of binuclear ruthenium (II) 
carbonyl complexes containing bis(β-diketone) and their applications” Polyhedron, 21, 
219-223, 2002. 
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Table 5.8: Biological activity of standard drugs and samples 
 
Bacteria Fungi 
E. coli S. aureus A.niger 
 
Code 
0.1
% 
0.2
% 
0.3
% 
0.4
% 
0.1
% 
0.2
% 
0.3
% 
0.4
% 
0.1
% 
0.2
% 
0.3
% 
0.4
% 
SDA-1 3 5 6 11 4 7 12 18 5 9 13 22 
SDA-2 2 2 5 10 2 6 10 15 2 5 9 15 
SDA-3 2 2 4 9 3 5 7 13 2 4 8 9 
SDQ-1 4 6 7 14 5 9 14 21 7 10 14 23 
SDQ-2 3 4 7 12 4 7 11 19 5 7 10 13 
SDQ-3 2 3 6 10 3 6 9 17 4 6 10 12 
C1 4 7 9 15 6 10 15 22 - - - - 
C2 2 5 7 13 3 8 12 20 - - - - 
C3 - - - - - - - - 8 12 19 25 
C4 - - - - - - - - 7 10 18 24 
 
C1: Ciprofloxacin 
C2: Cephalexin 
C3: Gentamicine 
C4:  Griseofulvin 
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CHAPTER- 6 Comprehensive summaries 
 
This chapter of the thesis deals with brief summary of the work incorporated in the 
thesis. 
CHAPTER-1 
This chapter describes the general introduction and up to date literature survey on 
synthesis, characterization and applications of symmetric diamines. Symmetric diamine is 
characterized by FTIR, 1HNMR, 13CNMR, MASS, TGA and DSC technique.  TG and DSC 
thermograms were scanned at the heating rate of 100C/min in nitrogen atmosphere. IDT, T10, 
T50, FDT, decomposition range, % weight loss and Tmax along with kinetic parameters (n, Ea 
and A) were determine to understand degradation mechanism. Microbial activity was also 
tested and found to be moderately active. 
CHAPTER-2 
Some symmetric double Schiff bases (classical and microwave method) is described 
in this chapter. The purity of Schiff bases is checked by TLC and column in appropriate 
solvent system. As compared to classical method, microwave irradiation technique yielded 
high yield and shorten the reaction times to few minutes instead of several hours. Symmetric 
double schiff bases characterized by FTIR, 1HNMR, 13C NMR, MASS, TGA and DSC 
techniques. TG and DSC thermograms were scanned at the heating rate of 100C/min in 
nitrogen atmosphere. IDT, T10, T50, FDT, decomposition range, % weight loss and Tmax along 
with kinetic parameters (n, Ea and A) suggested the different degradation mechanism. 
Kinetics of thermal degradation of compounds was discussed in light of structure or Schiff 
bases. Microbial activity of SDSB-1 to SDSB-11 was screened against different 
microorganisms by disc diffusion method. It is found that SDSB-1 to SDSB-11 possess 
moderate to good antimicrobial activity in comparison with chosen standard drugs. 
CHAPTER-3 
This chapter of the thesis deals with the reduction of symmetric double Schiff bases 
by NaBH4. Imines or Schiff bases are effectively reduced to amines by sodium borohydride. 
In present work an effort has been made to reduce some symmetric double Schiff bases by 
NaBH4. The structures of final products were supported by FTIR, 1H NMR, 13C NMR and 
Mass spectral techniques.  
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CHAPTER-4 
This chapter describes synthesis of some novel bisbenzothiazoles and their 
characterization by various spectroscopic techniques like UV, FTIR, Mass, 1H NMR and 13C 
NMR. The antibacterial and antifungal activities of bisbenzothiazoles were tested against 
different gram positive and gram negative micro organisms by disc diffusion method and are 
compared with chosen standard drugs. It is found that BT-1 to BT-3 possess moderate to 
mild antimicrobial activity in comparison with chosen standard drugs. 
 
CHAPTER-5 
Quinoline is an essential component of the search for new leads in the drug designing 
program. This part of the thesis contains brief literature survey on quinoline derivatives. It 
also describes synthesis of some novel bisquinoline derivatives, their characterization by 
various spectroscopic techniques like UV, FTIR, Mass, 1H NMR and 13C NMR. The 
antibacterial and antifungal activities of bisquinolines were tested against different gram 
positive and gram negative micro organisms by disc diffusion method. It is found that 
bisquinolines possess moderate to good antimicrobial activity in comparison with chosen 
standard drugs. 
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